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ABSTRACT 
The silurid fish Heteropneustes fossilis commonly known as Singhi is found 
abundantly in most of the tropical and sub-tropical regions and is a highly-prized fish 
in the Asian market. It has high content of iron and fairly high content of calcium 
compared to many other freshwater fishes. Being a lean fish it is very suitable for 
people to whom animal fats are undesirable. Over the last decades, the culture of this 
fish has intensified because of its high nutritional significance and hence consumer 
demand. However, due to the absence of feeding standards for this fish, farmers 
mostly rely on personaf experience and feeding standards of other catfish species 
which hampers X\\t Quality and yield of this medicinally important food fish species. 
Therefore, the defn^nd.for the development of cost-effective aquafeeds that could 
maintain the growth and<*t>ealth^ status .erf^ tjii's species has been increased. Also, the 
lack of consistent data on the essential amino acid requirements of this fish makes it 
difficult to correctly formulate diets to maximize its genetically determined growth 
potential. Data available on some of the essential amino acid requirements for H. 
fossilis are not sufficient to develop essential amino acid balanced practical diet and 
the lack of information on quantified dietary requirements of individual amino acid 
for H. fossilis poses challenges for intensive aquaculture of this fish. The present 
study was, therefore, conducted with the view to generate data on quantitative 
essential amino acid needs for fingerling stage of this fish and the findings are 
presented in the form this thesis. 
To work out the dietary requirements of total aromatic amino acid 
(phenylalanine + tyrosine), histidine, lysine, arginine, tryptophan, methionine, 
leucine, isoleucine, valine and threonine, 8-weeks feeding trials were conducted. The 
requirements of the specific test amino acids were worked out by feeding casein and 
gelatin based basal diets supplemented with graded levels of the test amino acids. 
Isonitrogenous (380 g kg"' crude protein, CP) and isocaloric (17.9 MJ kg"', gross 
energy, GE; 15.3 MJ kg"' digestible energy, DE) amino acid test diets were prepared 
to simulate the amino acid profile of the test diets to that of 380 g kg"' whole chicken 
egg protein except for amino acid under question. Replicate groups of fish were fed 
the amino acid test diets in a completely randomized design. Feeding trials were 
conducted in indoor circular aqua-coloured troughs provided with a fiow-through 
system (1-1.5 L m"'). Indicators of growth and body composition were calculated to 
predict the growth response of the fish to the specific test amino acid. The data were 
statistically analysed using the software Origin (version 6.0; Origin Software, San 
Clemente, CA) to calculate the requirement of each test amino acids. The requirement 
was expressed at 95% of the maximal quadratic plateau. 
Of the ten essential amino acids, phenylalanine is an aromatic amino acid. It is 
the precursor for tyrosine which in turn is the precursor for the growth hormone 
thyroxin that is needed for the normal growth and metabolic processes of the body. It 
is a precursor of many substances of biochemical importance other than protein. Fish 
larvae metamorphosis is a critical rearing point where phenylalanine is used as an 
important precursor for thyroid hormone, dopamine and catecholamines. Being the 
backbone of thyroid hormone and high constituents of thyroid proteins and hence 
phenylalanine is of special concern for the fish larvae. It is used preferentially for the 
synthesis of other compounds of metabolic importance such as hormones and 
neurotransmitters. Deficiency of this amino acid results in an immediate reduction in 
feed intake followed by loss in weight gain and a negative nitrogen balance. Its 
requirement is influenced by the dietary adequacy of tyrosine which is a conditionally 
essential amino acid and is considered non-essential among fishes. Therefore, for 
determining true dietary requirement for phenylalanine, tyrosine should also be 
included at the adequate level in the diet and, hence the requirement should be 
determined in terms of total aromatic amino acid (phenylalanine+tyrosine). 
In view of this, three separate feeding experiments were conducted to 
determine total aromatic amino acid (TAAA) requirement of fingerling (6.1 (SE 0.1) 
g to 6.9 (SE 0.3) g). In experiment I, phenylalanine requirement was determined by 
feeding six isonitrogenous (380 g kg"' CP) and isocaloric (15.3 MJ kg"' DE) amino 
acid test diets with graded levels of L-phenylalanine (10, 12.5, 15, 17.5, 20, 22.5 g kg" 
' diet) at fix level of L-tyrosine (8.7 g kg"' diet). In experiment II, tyrosine 
requirement was determined by feeding diets containing graded levels of tyrosine 
(3.5, 6, 8.5, II, 13.5, 16 g kg"' diet) at constant level of phenylalanine as determined 
in experiment I. In experiment III, diets witli various ratios of tyrosine: phenylalanine 
(20:80, 30:70, 40:60, 50:50. 60:40, 70:30) on a molar basis as determined in 
experiment I and II were prepared. Fishes in ail three experiments were fed for 8-
3 
weeks to apparent satiation, twice daily under identical conditions. Average weight 
gain g/fish, feed conversion ratio, protein deposition, protein utilization efficiency, 
RBCs xlO*^  mL"', Hb g df', Hct% and ESR mm/hour at 95% maximum and minimum 
quadratic response exhibited TAAA requirement to be 26.5 g kg'' diet (16.6 g 
phenylalanine kg"'+9.9 g tyrosine kg"') and that 56% phenylalanine could be replaced 
by tyrosine on molar basis without affecting growth. 
Among all the 10 essential amino acids, histidine is one of the most important 
amino acids in fish diets, it has been reported that administration of histidine 
promotes the secretion of growth hormone and hence growth. It is critical in 
maintaining the osmoregulation process in fish and is utilized for energy producfion 
during certain emergencies or adverse conditions. Histidine serves as an important 
antioxidant and buffer in different tissues of various fish species. It has high affinity 
for minerals resulting in improved micronutrient absorption. Fishes have higher levels 
of histidine containing dipeptides anserine and carnosine in their muscles which act 
as, antioxidants in lens and, therefore, its dietary deficiency causes the development 
of cataract in fishes. Erythrocytes are Important carriers of amino acids such as 
aspartate, glutamate, glycine, histidine and lysine in monogastric animals. Also, the 
protein hemoglobin (Hb) is rich in histidine, hence histidine is particularly important 
amino acid for hemoglobin synthesis in aquatic as well as in terrestrial animals. 
Because of its versafile roles, its dietary inclusion as per the requirement of the 
species is warranted. In view of the above, histidine requirement of H. fossilis was 
worked out so as to optimize its inclusion in the commercial feeds of Singhi. Casein-
gelatin based isonitrogenous (380 g kg"' CP) and isocaloric (17.9 MJ kg"' GE; 15.3 
MJ kg"' DE) amino acid diets with six different L-histidine levels (5.0, Hj; 6.5, H2; 
8.0, H3; 9.5. H4; 11.0, H5; 12.5 g kg''dry diet He) were fed to quadruplicate groups of 
fingerling Singhi (6.6±0.2g) twice daily at 07:00 and 17:30 h to apparent satiation for 
8 week. Feeding trial was conducted in a fiow-through system (1-1.5 L min"') at 28°C 
water temperature. Growth, feed conversion, protein gain and histidine retention of 
fingerling Singhi were found to increase significantly with the quantitative increase in 
dietary histidine from 5.0 (H,) to 9.5 g kg' diet (H4). Hepatosomatic index, condition 
factor, hematocrit and hemoglobin were significantly affected in fingeriing Singhi fed 
different concentrations of histidine and were also found to be best in fish fed diet H4. 
Quadratic regression analysis of the above parameters at 95% maximum and 
minimum plateau indicated that inclusion of histidine at 9.4 g kg"' of the dry diet, 
corresponding to 24.8 g kg"' dietary protein is optimum in formulating histidine-
balanced, cost-effective, commercial feeds for intensive culture of Singhi. 
Lysine is one of the first limiting amino acids in a variety of feedstuffs fed to 
different animals. It is of particular concern because this amino acid is found in 
highest concentration in the carcass of the fish species. It is rapidly utilized by the 
intestine for protein synthesis and other metabolic processes compared to other amino 
acids. Although lysine has been considered to be the least toxic amino acid, excessive 
levels of dietary lysine have been shown to cause growth depression in various fish 
species. In view of its dietary significance, this study was conducted to determine the 
dietary lysine requirement of fingerling H. fossilis. The requirement of fingerling 
Heteropneusies fossilis (6.96±0.05g) for dietary lysine was quantified by conducting 
12-week feeding trial in a fiow-through system at 28°C. Casein-gelatin based 
isonitrogenous (38% CP) and isocaloric (14.7 kJ g"' DE) amino acid test diets with six 
levels of dietary lysine (1.5, 1.75. 2.0, 2.25, 2.5, 3.0% dry diet) were fed to apparent 
satiation in triplicates. Broken-line and second-degree polynomial regression analyses 
at 95% plateau of absolute weight gain (AWG; g fish"'), feed conversion ratio (FCR), 
protein deposition (PD; g fish"') and lysine deposition (LD; g fish"') exhibited lysine 
requirement between 2.0-2.3% of the dry diet, corresponding to 5.3-6.1% protein. 
Knowledge of dietary arginine inclusion for the cultivable species is also of 
paramount importance in order to formulate arginine-balanced quality feeds. Since 
most of the plant protein sources are usually deficient in one or more essential amino 
acids, essential amino acid imbalances may occur when these ingredients are used in 
diet formulation. The efficient use of such arginine-limiting protein sources in fish 
feeds will depend on an accurate estimadon of dietary arginine level required by the 
fish. Therefore, data on this issue are particularly important for the correct inclusion 
of alternative protein sources to fishmeal. Also, this information may also be used in 
ingredient replacement strategy to reduce the actual dependency on fishmeal for 
aquacultural feeds. L-arginine is a nutritionally important amino acid and plays 
multiple physiological functions in animals. One of these functions is to improve 
carcass quality as this amino acid increases the anti-oxidative capacity, reduce super-
oxide release and ameliorate lipid peroxidation. It is metabolized to nitric oxide. 
proline, glutamine and polyamines, which have high biological importance. 
Experimental evidences support that arginine plays a central role in regulating the 
partitioning of dietary energy in favour of muscle protein accretion and reduces fat in 
aquatic as well as terrestrial animals. Fish have particularly high requirements for 
dietary arginine due to its abundance in protein and tissue fluids and its limited or 
completely absent de novo synthesis in fish. Furthermore, arginine affects the release 
of growth hormones and induces immune resistance. A 12-week feeding trial was 
conducted to evaluate the effects of varying levels of dietary arginine on growth, feed 
conversion, protein productive value and carcass composition of fingerling 
Heteropneustes fossilis (10.11±0.14cm; 5.87±0.07g). Casein and gelatin-based 
isonitrogenous (38% crude protein) and isocaloric (14.72 kJ g' digestible energy) 
amino acid test diets with varying levels of L-arginine (1.00, 1.25, 1.50. 1.75, 2.00 
and 2.25 g lOOg" of drj' diet) were fed to randomly assigned triplicate groups offish 
to apparent satiation twice daily at two feeding schedules (08.00 and 17.30 h). 
Thermal growth coefficient (TGC: 0.86), feed conversion ratio (FCR; 1.97) and 
protein productive value (PPV; 0.25) were best attained by the group fed diet 
containing 1.75 g arginine lOOg"' of dry diet (D4). Carcass protein content also 
peaked at the above level of dietary arginine whereas carcass lipid showed consistent 
drop with the increase in dietary arginine level up to 1.75 g lOOg'' of dry diet. Second-
degree polynomial regression analysis at 95% maximum and minimum response of 
thermal growth coefficient, feed conversion, protein productive value, carcass protein 
and lipid productive value against varying levels of dietary arginine yielded that 
dietary arginine in the range of 1.51-1.66 g lOOg"' of dry diet, corresponding to 3.97-
4.37 g lOOg"' protein is adequate to optimize growth, feed conversion, protein 
productive value and improve carcass quality in fingerling H. fossilis. 
Tryptophan is one of the essential amino acids for fish and is required for a 
wide variety of metabolic activities. As it is found in lowest concentrations in most 
animals including fish, it plays a rate-limiting role in protein synthesis. Hence, the 
dietary tryptophan requirement is low compared with other essential amino acids. 
Apart from being a structural component of all proteins, tryptophan is a precursor for 
synthesis of serotonin, melatonin and niacin. This amino acid is also known to be a 
stress suppressor in some species tryptophan controls immune and inflammatory 
responses. Feeding tryptophan-supplemented diet results in the inhibition of 
endogenously derived aggressive behavior in fish. Dietary deficiency of tryptophan 
may have important consequences in terms of carcass protein and performance. Since 
there is a lack of information of dietary tryptophan requirement of Singhi, present 
study was conducted to estimate the requirement for dietary tryptophan. To quantify 
dietary L-tryptophan requirement of fingerling Heteropneustes fossilis (6.66g±0.08 
g), casein-gelatin based isonitrogenous (38% CP) and isoenergetic (14.72 kJ g"' DE) 
purified diets with eight levels of L-tryptophan (0.12, 0.16, 0.2, 0.24, 0.28, 0.32, 0.36, 
0.40% dry diet) were fed to triplicate groups of fish twice daily to apparent satiation 
for 12 weeks. Incremental levels of dietary tryptophan from 0.12 to 0.28% 
significantly (P<0.05) improved absolute weight gain (AWG; 14.3-65.9 g fish"'), feed 
conversion ratio (FCR; 5.9-1.5), protein retention efficiency (PRE; 6.2-32.2%), 
haemoglobin (Hb; 6.5 to 11.9 g dL"') and haematocrit (Hct; 23.5-33.8%). To 
determine the precise information on tryptophan requirement, data were subjected to 
broken-line and second-degree polynomial regression analysis. Broken-line regression 
analysis reflected highest R^  values for AWG g fish"' (0.999), PRE%. (0.993), Hb g 
dL"' (0.995), Hct%) (0.993) compared with R" values obtained using .second-degree 
polynomial regression analysis AWG g fish"' (0.949), PRE%. (0.890), Hb g dL"' 
(0.969), Hct% (0.943), indicating that data were better fit to broken-line regression 
analysis. Hence, based on broken-line regression analysis at 95% maximum response, 
tryptophan requirement of fingerling H. fossilis is recommended between 0.24 and 
0.27% dry diet (0.63-0.71% protein). 
The study of sulfur amino acid nutrition in fish is very important because cost-
effective dietary formulations incorporate lesser amounts of fishmeal and higher 
levels of plant feedstuffs which are often limiting in methionine. Since methionine is 
the starting point of an important catabolic pathway in vertebrates including fish that 
includes cystine, betaine, choline and phosphatidylcholine, all important nutrients in 
fishes, its appropriate dietary requirement needs to be worked out. In view of the 
above, two 8-week feeding trials were conducted to determine total sulphur amino 
acid requirement (TSAA) and cystine replacement value for fingerling Singhi, 
Heteropneustes fossilis. In experiment 1, six casein gelatin based isonitrogenous (380 
g kg"' CP) and isocaloric (17.9 MJ kg"' GE; 15.3 MJ kg"' DE) amino acid test diets 
with graded levels of methionine (6.5, 8, 9.5, ! i, 12.5, 14 g kg"' of the dry diet) were 
prepared. Cystine was maintained at 4 g kg"' in all the diets. The diets were fed to 
quadruplicate groups of randomly assigned fingerlings (6.9 ± O.lg; 10.9 ± 0.2cm) to 
apparent satiety twice daily at 28°C water temperature in a flovv^ -through system (1-
1.5 L min'). Based on the quadratic regression analysis at 95% maximum and 
minimum response of absolute weight gain (AWG g fish"'), feed conversion ratio 
(FCR), protein deposition (PD fish"'), energy deposition (ED fish"'), RNA:DNA ratio 
and methionine retention efficiency (MRE%). methionine requirement was 
determined to be 10.7 g kg"' of diet, corresponding to 28.2 g kg"' of the dietary 
protein. Hence, TSAA requirement was found to be 14.7 g kg"' of the dry diet (10.7 g 
kg"' methionine+4 g kg"' cystine). To find out the cystine replacement value for 
methionine, six diets with various ratios of methioninexystine (90:10, 80:20, 70:30, 
60:40, 50:50, 40:60) on equimolar sulphur basis as per the TSAA requirement 
determined in experiment 1 (14.7 g kg') were prepared and fed to fingerling H. 
fossilis (7.2 ± 0.2 g; 11.3 ± 0.1 cm) under identical laboratory conditions. The 
quadratic regression analysis of AWG g fish"', FCR, PD fish"', ED fish"', RNA:DNA 
ratio and MRE% at 95% maximum and minimum quadratic response projected that 
cystine could replace up to 39.9% of methionine requirement on an equimolar sulphur 
basis without hampering growth. On the basis of above results, the total sulphur 
amino acid requirement of the H. fossilis is recommended to be 14.7 g kg"' diet (7.1 g 
kg"' methionine+7.6 g kg"' cystine) of which 39.9% was spared by cystine. 
Of all the ten essential amino acids, branched-chain amino acids account for 
350-400 g kg"' of the dietary indispensable amino acids in body protein and 140 g kg"' 
of the total amino acids in skeletal muscle. They influence the brain functions by 
modifying large neutral amino acid transport at the blood-brain barrier. Of these, 
leucine holds a special place in animal's diet. Despite its versatile roles in fish body, 
only few reports on leucine requirement for cultivable fish species are available. In 
view of this, dietary L-leucine requirement of Heteropneustes fossilis (6.8±0.2 g; 
11.2±0.3 cm) was assessed by conducting 8-week feeding trial in a flow- through 
system (1-1.5 L min"') at 28 °C water temperature. Casein-gelatin-based 
isonitrogenous (380 g kg"'; crude protein) and isoenergetic [17.9 MJ kg"'; gross 
energy (GE)] basal diet was supplemented with different levels of L-leucine to 
achieve desired leucine levels ranging between 10 and 22.5 g kg"' dry diet. Analysed 
values were 9.9 (LC9.9), 12.4 (Lc,2.4), 15.1 (Lc,51), 17.4 (LC17.4), 20.1 (LC20.1) and 22.4 
(LC22.4) g leucine kg"' diet. Fishes were stocked randomly in quadruplicates and fed to 
satiation at 07:00 and 17:30 h. Maximum absolute weight gain (AWG g fish"'), feed 
conversion ratio (FCR), protein utilization efficiency (PUE%), leucine retention 
efficiency (LRE%) and haematological parameters were found in fish fed diet LC174. 
For precise determination of dietary leucine requirement of Singhi, AWG g fish"', 
FCR, PUE% and LRE% were subjected to broicen-line and second-degree polynomial 
regression analysis. Second-degree polynomial regression analysis fitted the data 
more accurately (P > 0.05) exhibiting high R^  values. Hence, based on this analysis, 
dietary leucine requirement of fingerling H.fossilis is recommended to be 16.5 g kg"' 
of the diet, corresponding to 43.4 g kg"' protein for developing leucine-balanced 
commercial feeds. Isoleucine is both ketogenic and gluconeogenic which enters the 
TCA cycle via acetyl-CoA, or via pyruvate, succinate or fumarate. It is the first 
limiting branched-chain amino acid in meat-and-bone meal as well as commercial 
feed-grade form and hence plays a centra! role in formation of a number of 
metabolites and is generally concentrated in the muscle tissues of the body. 
This study was, therefore, undertaken to quantify dietary L-isoleucine 
requirement of fingerling Heteropneustes fossilis (6.8±0.03g) by conducting 8-week 
feeding trials in a flow-through system (1-1.5L min"') at 28°C water temperature. 
Casein and gelatin based isonitrogenous (380 g kg"' CP) and isocaloric (17.9 MJ kg"' 
GE; 15.3 MJ kg"' DE) amino acid test diets with six incremental levels of L-
isoleucine (7.5, 10, 12.5, 15, 17.5 and 20.0 g kg"' of dry diet) were fed to randomly 
assigned quadruplicate groups of fish to apparent satiation at two feeding schedules 
(07:00 and 17:30 h). Maximum absolute weight gain (AWG g fish"'; 41.9), best feed 
conversion ratio (FCR; 1.97), protein deposition (PD; 0.24 fish"'), energy deposition 
(ED; 0.59 fish"') and isoleucine retention (IR: 68%) were recorded for the groups fed 
diet containing 14.8 g kg"' isoleucine of the dry diet. A consistent and significant 
improvement (P<0.05) in body protein content was recorded in response to increasing 
levels of dietary isoleucine intake which peaked (176 g kg"') in groups fed at 14.8 g 
isoleucine kg"' of the diet. However, body fat content showed a linear positive 
correlation (Y=18.1823+2.63X: R^=0.969) in response to increase in dietary 
isoleucine concentrations. Hematological parameters also showed significant 
improvement (P<0.05) in fish fed dietary isoleucine up to 14.8 g kg' of the diet. To 
obtain a more accurate isoleucine requirement, AWG g fish"', FCR, PD fish"', ED 
fish-' and 1R% data were subjected to second-degree polynomial regression analysis 
which at 95% maximum and minimum responses exhibited their best values at 14.9, 
15.1, 14.1, 14.3 and 14.1 gkg"' of dry diet, corresponding to 39.2, 39.7, 37.1, 37.6 and 
37.1 g kg" dietary protein respectively. Based on the above analyses, optimum dietary 
Isoleucine level for fingerling H.fossilis was recommended at J4 g kg"' of dry diet, 
corresponding to 36.8 g kg"' dietary protein. 
Also, the branched-chain amino acid, valine directly increases fish growth 
through increasing digestive and absorptive capacity and influencing the balance of 
intestinal microflora. In view of this, the present study was carried out to elucidate 
dietary valine requirement for optimizing growth of fingerling Heteropneustes fossilis 
(6.9±0.2 g; 11.5±0.3 cm) by conducting an 8-week feeding trial in a flow-through 
system (1-1.5 L min"') at 28°C water temperature. Casein-gelatin based isoproteic 
(380 g kg"' crude protein) and isoenergetic (17.9 MJ kg"' gross energy; 15.3 MJ kg"' 
digestible energy) purified diets were supplemented with incremental levels of L-
valine to produce six different concentrations of valine (7.5, 10.0 12.5, )5.0, 17.5 and 
20 g kg" dry diet). The amino acid test diets were fed to quadruplicate groups of 
fingerling to apparent satiation twice daily at 07:00 and 17:30 h. Absolute weight gain 
(AWG g fish"), feed conversion ratio (FCR), protein deposition (PD fish"') and 
energy deposition (ED fish"') and valine retention efficiency (VRE%) significantly 
increased (P<0.05) with increasing L-valine concentrations up to 15.1 g kg"' of diet 
(P<0.05) and remained nearly the same thereafter (P>0.05) in fish fed dietary valine at 
17.4 g kg" of the diet. Significant decline in these parameters v/as recorded in fish fed 
at 20.1 g valine kg"' of the diet. In order to have precise informafion on dietary L-
valine requirement of fingerling Singhi, the above growth data were subjected to 
quadratic-regression analysis. Calculation of upper and lower asymptote of the 
quadratic fits at 95% resulted in valine requirements at of 14.9, 14.9. 14.1, 14.1 and 
14.9 g kg"', corresponding to 39.2, 39.2, 37.1. 37.1 and 39.2 g kg"' protein, 
respectively. Based on the average values of optimum dietary valine requirement of 
fingerling H.fossilis is recommendation at 14.6 g kg' of the dry diet, corresponding 
to 38.4 g kg"' of dietary protein. Information generated during this study is useful to 
formulate valine-balanced, cost-effective practical feeds for intensive aquafarming of 
this fish. 
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After lysine and methionine, threonine is generally one of the most limiting 
indispensable amino acids in practical fish diets. Threonine participates in protein 
synthesis and its catabolism generates a variety of metabolically important products. 
Due to its implication in basal metabolism, it also helps in the maintenance of amino 
acid balance in animal diet. Since fish are not capable of synthesizing threonine de 
novo, its dietary inclusion as per the requirement of the species becomes necessary. 
In view of the above, an 8-week feeding trial was conducted in a flow-through 
system at 28 °C to assess the effects of dietary L-threonine on growth, protein 
utilization and threonine retention efficiencies, nucleic acid indices and body 
composition of fmgerVmg HeteropneustesfossiUs (6.6±0.1g; I0.9±0.2cm). Casein and 
gelatin based isonitrogenous (38% crude protein; CP) and isocaloric (15.3 kJ g'' 
digestible energy; DE) amino acid test diets with six levels of dietary L-threonine 
(0.75 THl; 1.0 TH2; 1.25 TH3; 1.5 TH4; 1.75 TH5; 2.0% dry diet TH6) were 
prepared. The diets were hand-fed to randomly assigned quadruplicate groups of 
fingerling to apparent visual satiation twice daily at 07:00 and 17:30 h. Absolute 
weight gain (AWG; 46.3 g fish'') and feed conversion ratio (FCR; 1.98) of the fish 
fed graded levels of dietary threonine increased significantly (P<0.05) up to 1.49% 
threonine of the dry diet (TH4). Protein utilization efficiency (PUE%; 0.25), threonine 
retention efficiency (TRE; 69%), lipid productive value (LPV; 0.45), body protein 
(18.2%)), and RNA/DNA rafio (3.6) were also found to increase significantly (P<0.05) 
in fish fed threonine up to 1.49%o of the dry diet (TH4). 
In order to generate precise information on optimum dietary threonine 
requirement for fingerling H. fossilis, the AWG; g fish"', PUE%, TRE%, RNA/DNA 
ratio and LPV data were subjected to the broken-line and quadratic regression 
analyses. The two models were superimposed and the requirement was determined by 
establishing the point where the quadratic curve first intersected the plateau of 
broken-line. On the basis of above mathematical analyses, optimum dietary threonine 
requirement of fingerling H. fossilis was estimated to range between 1.36-1.39%) of 
the diet, corresponding to 3.58-3.66%o protein. 
The present study provides complete information on essentia! amino acid 
requirements of fingerling sfinging catfish, H. fossilis. 
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The information generated during this study are tabulated as under: 
S. No. Essential gkg' dry gkg* 
amino acids diet dietary 
protein 
Publishing media 
i. Histidine 9,4 24.8 Aquaculture (2013) 404-405: \30-l38 
Elsevier Publication. 
2. Lysine 20-23 53-61 AquacuUure Research (2013) 44: 523-
533 Blackwell Willey Publication. 
3. Arginine 15.1-16.6 39.7-43.7 Aquaculture International (2012) 20: 
935-950 Springer Publication. 
6. 
Tryptophan 2.4-2.7 6.3-7.1 
Total 
sulphur 
amino acid 
Total 
aromatic 
amino acid 
Leucine 
14.7 
26.5 
16.5 
28.2 
69.7 
43.4 
Aquaculture Research (2012) 
doilO. 1111/are. 12066 Blackwell Willev 
Publication. 
Communicated for publication in 
Aquaculture E:lsevier Publication. 
In pipeline for publication in British 
Journal of Nutrition CABl Publication 
Aquaculture Nutrition (2013) 
doi. 10.1111/anu. 12077 Blackwell 
Willev Publication 
8. 
9. 
10. 
Isoleucine 
Valine 
Threonine 
14 
14.6 
13.6-13.9 
36.8 
38.4 
35.8-36.6 
Data generated during this work would be useful in formulating essential amino acid-
balanced practical feeds for mass culture of fingerling H. fossilis. 
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GENERAL INTRODUCTION 
Due to over-exploitation of wild stoclcs to meet thie growing demand offish, tliere is 
continued depletion of fishery resources and hence a dire need to increase its 
production. Aquaculture is the only alternative to bridge the gap in supply and 
demand. Although the increased demand for fish as a result of rapid population 
growth and preference over other animal protein has increased the growth of 
aquaculture, there is increasing pressure on its intensification which relies on 
formulated diets that meet the nutritional requirements of the target species. 
Aquaculture is one of the fastest growing food-producing sectors in the world. As 
aquaculture technology has evolved, the push towards higher yields and faster growth 
has involved the enhancement or replacement of natural foods with prepared diets. In 
many aquaculture operation today, feed accounts for more than one-half of the 
variable operating cost. Therefore, knowledge on nutrition and practical feeding of 
fish is essential to successful aquaculture. Good nutrition in animal production 
systems is essential to economically produce a healthy, high quality product. If the 
feed is not consumed by the fish or if the fish are unable to utilize the feed because of 
some nutrient deficiency, then there will be no growth. An undernourished animal 
cannot maintain its health and be productive, regardless of the quality of its 
environment. The production of nutritionally balanced diets for fish requires efforts in 
research, quality control, and biological evaluation. Faulty nutrifion obviously impairs 
fish productivity and results in a deterioration of health until recognizable diseases 
ensue. The borderlines between reduced growth and diminished health, on the one 
hand, and overt disease, on the other, are very difficult to define (Bureau & Cho 
1999). As a consequence, nutritionally-balanced and quality-controlled diets are of 
critical concern in fish production (Cho 1981). Fish nutrifion has advanced in recent 
years due to the development of new, balanced commercial diets that promote fish 
growth and health. Fish reared in high-densities, require a high-quality, nutritionally 
complete, balanced diet to grow rapidly and remain healthy. 
To develop suitable diets for fish, minimize food wastage, promote efficient 
food conversion, maximize protein deposition in the animal and also, to maximize 
growth performance under culture conditions, knowledge of nutritional needs of the 
species chosen for culture is prerequisite. Dietary protein is the major and most 
expensive component of formulated aquafeeds (Wilson 2002), affecting growth 
performance, feed costs and nitrogen pollution (Small & Soares 1998; Gaylord & 
Barrows 2009). Amino acids are the building blocks of protein and play important and 
versatile roles in fish nutrition and metabolism. Besides their role as building blocks 
for protein synthesis and gluconeogenic substrates, amino acids have also been 
associated with a multitude of physiological functions (Wu 2009). The quality of a 
protein is determined by its amino acid profile. Usually animal proteins are better 
quality proteins than plant proteins. In animal nutrition, the substitution of protein 
sources can become a problem if the amino acid profile of the protein is unknown or 
the right amount of amino acids is not supplemented in the diet. Although over 200 
amino acids occur in nature, only about 20 of these are considered common. Of these, 
some of the amino acids such as lysine, methionine, threonine, tryptophan, arginine, 
valine, isoleucine, leucine, histidine and phenylalanine are considered essential 
because their carbon skeleton cannot be synthesized by the animals including fish 
and, therefore, should be provided with feeds for metabolic purposes and growth. 
Feed intake, weight gain, feed conversion ratios and other more subtle biological 
responses may not be optimized when fish are fed inappropriate level of dietary 
essential amino acids (Hart ei al. 2010). Additionally, feeding excess concentrations 
of essential amino acids results in increased ammonia excretion and degrades water 
quality (Yang et al. 2002). Since these essential amino acids must be obtained from 
the diet, an overabundance or deficiency of any of the essential amino acid may have 
severe pathological consequences. In addition, some amino acids are required not 
only as building block but have other metabolic function. For example, methionine 
has a central role as methyl-group (CH3) donator. A deficiency of essential amino 
acids may lead to poor utilization of dietary protein, and may result in growth 
retardation, poor live weight gain, and low feed efficiency. In severe cases, amino 
acid deficiency lowers resistance to diseases, impairs the effectiveness of the immune 
response mechanism. Deficiencies of specific amino acids may also elicit clinical 
signs. For example, experiments have shown that tryptophan deficient fish become 
scoliotic, showing a characteristic curvature of the spine (Kloppel & Post 1975) and a 
methionine deficiency is one cause of lens cataracts (Poston et al. \911). Therefore, it 
is important for fish farming that protein and amino acid requirements are known and 
matched for each of the fish species reared to maximize growth and health of the fish. 
In order to meet but not exceed the requirement for all these above mentioned 
purposes, the animals need particularly the essential amino acids in a specific quantity 
and ratio to each other. The animal body lacks the ability to store amino acids per se, 
so any absolute but also relative surplus of individual amino acids will limit the 
body's ability to build protein and will thus reduce their efficiency. As a consequence 
amino acids not used for protein syntheses will be utilised as energy source which 
should be avoided from the economical point of view (Lemme 2010). Animal and 
human studies have also shown promising effects of fish protein on weight loss. 
These effects mainly lie in the high content of the amino acid taurine in fish (Fujihira 
et al. 1970; Zhang et al. 2004; Tsuboyama-Kasaoka et al. 2006) which plays 
important roles in fat digestion, antioxidative defense, cellular osmoregulation, as 
well as development of visual, neural and muscular systems (Fang et al. 2002; Omura 
& Jnagaki 2000). 
Amino acid requirements of fishes are influenced by interactions among the 
essential amino acids themselves, between essential and non-essential amino acids, 
and between amino acids and other nutrients. However, if cystine is deficient in the 
diet, it can be synthesized by fish from methionine; the requirement for methionine is. 
therefore, partially dependent on the cystine content of the diet. A similar relationship 
also exists between phenylalanine and the non-essential amino acid tyrosine (Tacon & 
Cowey 1985). Some adverse interactions may occur between amino acids that are 
structurally related when their concentrations in the diet are imbalanced (NRC 1993). 
The antagonism between the branched-chain amino acids has been reviewed by 
Harper et al. (1984). Branched-chain amino acids (Leucine, Isoleucine, Valine) share 
the first two steps of their catabolism and compete for the same enzymes. At first the 
branched-chain amino acids are transaminated, and the resulting branched-chain a-
keto acids are oxidatively decarboxylated by a multienzyme complex, the branched-
chain a-keto acid dehydrogenase complex. The second step is irreversible and rate 
limiting. Especially high a-ketoisocaproate concentrations can increase catabolism of 
other branched-chain amino acids by stimulating the activity of branched-chain a-keto 
acid dehydrogenase (Paxton & Harris 1984). Excess dietary leucine depresses plasma 
concentrations of valine and isoleucine, and increases whole-body valine oxidation by 
increasing branched-chain a-keto acid dehydrogenase activity (Block & Harper 1984; 
Langer et al. 2000). The severity of adverse effects from disproportionate amounts of 
amino acids depends on several factors including the nutritional quality of the diet and 
nutritionally inferior diet particularly in terms of protein and essential amino acids 
may accentuate these effects. Given the increase in aquaculture production and the 
implications of poor protein utilisation on nitrogenous losses in the effluents, there is 
an increasing need for optimising protein and indispensable amino acid supply. 
Further, given the variety of species under cultivation, there is also a need for 
knowledge on possible differences between the various fish species. Amino acids 
provide essential nitrogen for the synthesis of protein and other biological molecules. 
It is widely recognized that the specific requirement for amino acids should be 
determined in terms of optimum amount of dietary protein necessary for most 
efficient animal production (Lai! & Anderson 2005). 
The accurate determination of amino acid requirement for each of the dietary 
essential amino acids is the fundamental basis of protein and amino acid nutrition of 
fish. Amino acid requirements of animal species have close relationship to whole 
body, muscle or egg amino acid profiles. Therefore, the basic approach used to 
determine quantitative amino acid requirements is the utilization of crystalline amino 
acids or mixtures of crystalline amino acids and purified (gelatin and casein) or 
conventional protein sources to simulate amino acid profile of a particular protein 
such as whole chicken egg (Mertz 1972), whole body or muscle or egg, or to meet all 
amino acid requirements of the particular animal (Easter & Baker 1977), except for 
the test amino acids. The first definite studies on protein and amino acid nutrition of 
fish were conducted by Halver and co-workers in the late 1950s and early 1960s in 
Chinook salmon [Oncorhynchus tshawytscha). The initial amino acid test diets were 
formulated based on the amino acid content of chicken whole egg protein, chinook 
salmon egg protein, and chinook salmon yolk sac fry protein (Halver 1957). In 
channel catfish, essential amino acid requirements and their patterns of the whole 
body have closer correlation than that of both muscle and egg (Wilson & Poe 1985). 
Cowey & Tacon (1983) found a good correlation between amino acid requirements 
and the whole body amino acid profile. However, Ketola (1982) recommended that 
the essential amino acid profile of fish egg is a good reference for feed formulation 
due to its close correlation to essential amino acid requirements. The various 
problems inherent in using these types of diets to assess the amino acid requirements 
offish (Wilson 1985). Amino acid content of whole chicken egg protein which gave 
the best growth and feed efficiency, and was therefore adopted as amino acid test diet. 
This diet was used to determine the qualitative amino acid requirement in several 
studies (Halver et al. 1957; Mertz 1972; Wilson 2002), however, the amino acid test 
diets must be neutralized with sodium hydroxide. This was done to delay the digestive 
absorption of the amino acids for the gut, optimize their use for protein accretion or 
gain (Mambrini & Kaushik 1994; Nose et al. 1974; Wilson et al. 1977). 
Quantification of essential amino acid requirements is generally based on analysis of 
dose-response curves, yielding the minimum amount of dietary protein which resulted 
maximum growth (Robbins et al. 1979; Cowey 1992; Pack et al. 1995; Rodehutscord 
et al. 1995a). The lowest level of essential amino acid maximizing live weight gain is 
then identified as the minimum dietary requirement (NRC 2011). Several studies have 
demonstrated that the choice of the dependent variable is an important factor affecting 
the shape of the dose-response curve and hence the calculated amino acid 
requirement. Some of these requirement values appear to have been overestimated 
because of inadequate consideration of one or more of the following dietary factors 
such as the energy concentration of the diet, the amino acid composition and the 
digestibility of the dietary protein (Halver 2002). 
Qualitative requirements for ten essential amino acids (arginine, histidlne, 
isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and 
valine) have been demonstrated in fish species examined so far (NRC 1983, 1993, 
2011). Growth studies have been used to determine qualitative amino acid 
requirements of many fish species (NRC 1983, 1993, 2011; Yan et al. 2007; Ovie & 
Eze 2010; Zhou et al. 2010, 2012; Yang et al. 2011; Helland et al. 2011; Khan & 
Abidi 201 la, b, c; Xie et al. 2012; Furuya et al. 2012; Ghomi & Alizadehnajd 2012; 
Ovie & Eze 2012; Zhao el al. 2012; Lin et al. 2012; Cao et al. 2013; Rahimnejad & 
Lee 2013; Dong et al. 2013; Dairiki et al. 2013; He et al. 2013; Khan & Abidi 2013). 
A critical analysis of existing data on amino acid requirements of different species of 
fishes shows similarities as well as differences (Tacon & Cowey 1985; Cowey 1994; 
Kaushik 1995). The measurement of amino acid requirement by growth experiments 
shows large differences between species and even for single species. Some of these 
requirements obtained were based on growth rates below the optimum. These 
variations in the essential amino acid requirement values reported for salmonid as 
well as between other finfish species may also be due to the use of different test 
proteins as sources of amino acid, a large amount of crystalline amino acid 
supplement used in test diets, and the variation in the protein energy: total energy 
ratio in the diet (Halver 2002). Other sources of variations among fish species could 
be due to the differences in basal diet composition (Kim et al. 1992), genetic strain, 
size, age, feed utilization and environmental conditions for rearing of fish (Cowey & 
Luquet 1983; Tacon & Cowey 1985; Chiu et al. 1988). During fmgerling stage 
growth rate is usually high. As growth is mainly related to muscle protein deposition 
(Conceifao et al. 1998), high amino acids flow is required from feed to growing 
biomass (Ronnestad el al. 2003), Genetic differences, experimental conditions, 
reference protein used, energy density of the diet, digestibility, amino acid profile and 
energy content (Akiyama et al. 1997; Luzzana et al. 1998; Simmons et al. 1999; De 
Silva el al. 2000) also bring about differences in the requirements. However, marked 
differences may not occur between fish species in the pathway or control of 
mechanisms involved in amino acid metabolism and protein utilization. 
Most simple stomach animals, including catfish, require the same 10 
indispensable amino acids. There are differences between the amount of a specific 
amino acid required among various species of animals as v^ /ell as among fish species, 
but that would be expected since the relative proportion of structural proteins may 
vary between species as well as physiological needs for certain amino acids. Feeds 
used for grow out of catfish have traditionally contained 32-35% dietary protein. 
Commercial catfish feeds contain a liberal amount of relatively expensive, high-
quality protein, and feed cost is the major variable operating cost associated with 
production of catfish; therefore, considerable effort has been expended to determine 
the quantity and quality of dietary protein necessary to achieve optimum performance 
ofcatfish (Robinson era/. 1980). 
The silurid fish Heteropneustes fossilis (Bloch), the fish under study, commonly 
known as Singhi, is one of the most important fi-eshwater omnivorous catfish species 
belonging to the family Heteropneustidae. Stinging catfish is reported to be highly 
nutritive, recuperative, and possessing of medicinal properties. This fish is esteemed 
for its invigorating qualities (Alikunhi 1957). The species is a highly-prized air-
breathing freshv^ater fish from the Indian subcontinent and Southeast Asian region 
(Puvaneswari et al. 2009). The range encompasses India, Thailand, Bangladesh, 
Pakistan, Nepal, Sri Lanka. Myanmar, Indonesia, and Cambodia (Smith 1945; 
Burgess 1989). its flesh is rich in protein, iron and fairly high content of calcium and 
lower fat content compared to many other freshwater fishes (Bhatt 1968, Saha & 
Guha 1939). Being a lean fish it is very suitable for people to whom animal fats are 
undesirable (Rahman et al. 1982). Primary habitat includes ponds, ditches, swamps 
and marshes, but some time occurs in muddy rivers. It has ability to adapt to fresh and 
brackish waters with very low oxygen content and to high stocking densities to grow 
under generally poor environmental conditions make this fish extremely valuable for 
small and large scale rural fish farming, and it's induced spawning and fry production 
is very easy ((Dehadrai et al. 1985, Pillay 2001, Ramaswami & Sundararaj 1956). 
Unlike water-breathing fish, air-breathing fish can be easily stored and transported 
live to consumers. Therefore, this species have become excellent for wastewater 
aquaculture (Tharakan & Joy 1996). Growth, health and reproduction offish are 
primarily dependent upon an adequate supply of nutrient, both in terms of quantity 
and quality, irrespective of the culture system in which they are grown. Supply of 
inputs (feeds, fertilizers etc.) has to be ensured so that the nutrients and energy 
requirements of the species under cultivation are met and the production goals of the 
system are achieved (Hasan 2001). Although, some aspects of nutritional information 
on Heteropneustes fossilis is available (Singh & Srivastava 1984; Niamat & Jafri 
1984; Akand et al. 1991; Jhingran 1991; Anwar & Jafri 1992; Firdaus 1993; Firdaus 
et al. 1994; Firdaus & Jafri 1996; Mohamed 2001; Mohamed & Ibrahim 2001; 
Firdaus el al. 2002; Usmani & Jafri 2002; Usmani el al. 2003; Khan & Abidi 2010a, 
b; Siddiqui & Khan 2009). The main constraint in increasing its production and 
meeting the demand is the lack of commercial feeds which require data on dietary 
requirements of some critical nutrients such as the essential amino acids which govern 
growth and affect the yield. Since, no information is available on the amino acid 
requirement of H. fossilis. The present study was, therefore, undertaken to generate 
data on its dietary amino acid requirement and the findings presented in the form of 
this thesis. 


GENERAL METHODOLOGY 
Source offish stock and their acclimatization 
Induced bred Meteropneustes fossilis fry were obtained from the departmental fish 
hatchery (Fish Breeding and Rearing Facility, Department of Zoology, Aligarh 
Muslim University, Aligarh, India). To acclimatize the fish to the laboratory 
conditions, they were transferred to the wet laboratory, given a prophylactic dip in 
KMn04 solution (1:3000) and stocked in indoor circular aqua-blue coloured plastic 
lined (Plastic Crafts Corp., Mumbai, India) fish tanks (1.22m x 0.91m x 0.91m; water 
volume 600 L). These were then fed with casein-gelatin based (380 g kg"' CP) H-440 
(Halver 2002) diet in the form of soft cake for a period of two weeks at 07:00 and 
17:30 h each day, acclimated to the laboratory conditions (temperature 26.8-28.7°C, 
dissolved oxygen 5.4-8.2 mg L'', free carbon dioxide 5.1-11.7 mg L"', total NH3-N 
0.20-24 mg L"', nitrite-N 4.0-4.3 mg L"', nitrate-N 3.0-3.8 mg L'' and pH 7.0-7.8) and 
raised to fmgerling stage. 
Experimental setup for conducting feeding triais 
10 
Feeding trial, feeding regime and weekly measurements 
Fingerling H.fossilis of desired size and number were taken from acclimated fish lots 
maintained in the wet laboratory. Fishes were randomly distributed at the rate of 20 
fish per trough in replicates in 70-L circular polyvinyl trough (water volume 55 L) 
fitted with a continuous water flow-through system (1-1.5 L min'). Fish were kept 
under a constant natural photoperiod of 12 h light: 12 h dark. After carefiilly observing 
the feeding behavior of the fish and feed intake, they were fed the amino acid test 
diets in the form of semi-moist balls (not exceeding >350 g kg"' moisture; 5 mm in 
diameter) to apparent satiation twice daily at 07:00 and 17:30h. 
Acclimatized fish 
The fish were considered satiated once they stopped feeding actively. At that very 
moment, feed distribution was stopped and hence the amount of uneaten feed was 
almost negligible in each trough. The feeding trial lasted for 8 weeks (48 feeding 
11 
days). On the day of weekly measurements, fish were fasted for 24 hours to empty 
their guts and their final individual and mass weight, and total length were recorded 
on a top-loading balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, Zurich, 
Switzerland). Before every weighing session, fish were fasted for 24 h to empty their 
guts. To avoid stress, above measurements were taken under moderate anesthesia 
(100 mg L"' MS-222, Tricane Methane Sulphonate, Sigma, St Louis, MO, USA). 
Fishes were exposed to KMn04 solution (1:3000; Loba Chemie, India) after each 
weighing so as to prevent infections caused by handling. Faecal matter was removed 
before every feeding excluding the day on which water samples were collected for 
ammonia measurements. 
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Sample collection 
test diets 
At the beginning and end of the feeding trial, fish samples were taken after subjecting 
them to a lethal dose of 100 mg L ' MS-222, Tricane Methane Sulphonate, Sigma, St 
Louis, MO, USA and frozen at -20°C for subsequent whole body proximate analysis. 
Six subsamples of a pooled sample of 30 fishes were analyzed for initial body 
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composition. At the end of the experiment, 6-10 fish from each replicate of dietary 
treatments were randomly sampled, pooled and subsamples of each replicate from the 
pooled sample were analysed for final body composition. 
At the start and end of the experiment fishes from each replicate were 
recorded for their length and weight to calculate condition factor. The fish were then 
dissected, the liver and viscera were careflilly removed, rinsed in water, dabbed dried 
with soft cloth and weighed in order to establish the hepatosomatic and 
viscerosomatic indices (HSI; VSI). The organ index was calculated as percentages of 
body weight. 
Morphometric measurements 
Preparation of amino acid test diets 
To work out the dietary ten essential amino acid requirements of fingerling 
Heteropneustes fossilis, casein-gelatin based isonitrogenous (380 g kg" crude protein 
CP) and isocaloric (17.9 MJ kg"' gross energy GE; 15.3 MJ kg"' digestible energy DE) 
amino acid test diets were prepared with incremental levels of amino acid under 
question. Casein (vitamin and fat-free) and gelatin (fat-free) were used as intact 
protein sources. To accentuate the utilization of the limiting amino acids from the diet 
(Wilson 2002), dietary protein level was fixed at 380 g kg"' CP, slightly lower than the 
13 
optimum protein requirement reported by Siddiqui & Khan (400 g kg"', 2009). 
Crystalline L-amino acids were added to the intact protein sources to simulate the 
amino acid profile of the experimental diets to that of 380 g kg"' whole chicken egg 
protein excepting the test amino acids which were added to provide the calculated 
values in the diets. The amino acids under question added to each diet replaced an 
equivalent amount of glycine on protein to protein basis. This adjustment was made to 
make the diets isonitrogenous. To prepare the amino acid test diets, the crystalline L-
amino acid premixes were pre-coated with carboxymethyl cellulose (CMC) and 
freeze-dried prior to use. The pH of each diet was adjusted to 7.0 by the addition of 
6N HCl (Wilson et al. 1978). The CMC-bound crystalline amino acid mixtures and 
other dry ingredients were then added to the casein-gelatin paste. This was done to 
delay the digestive absorption of the amino acids from the gut, optimize their use for 
protein accretion or gain (Mambrini & Kaushik 1994), improve the water stability of 
the diets and prevent the leaching of the amino acids from the diet. A blend of cod 
liver oil and com oil (2:5) were used as the dietary lipid source to provide n-3 and n-6 
fatty acids. Vitamin and mineral premixe;s were prepared as per Halver (2002). Diets 
were made isoenergetic by adjusting the amount of dextrin. The amino acid test diets 
were prepared as per Abidi & Khan (2007). Briefly, the dietary ingredients, except 
vitamins, minerals, cod liver oil and com oil were blended and moistened with water 
and steam-cooked for 20 min. After cooling at 40-45°C, vitamins, minerals and the oil 
premixes were added and subsequently mixed into a dough; using Hobart electric 
mixer (Hobart, Troy, USA). After thorough mixing, the final diet with bread dough 
consistency was poured into a teflon-coated pan, cut in the form of small cubes and 
stored at -20°C till use. The diets were designated as per the treatment. To further 
confirm the calculated levels of dietary amino acid under question, diets were 
analyzed using an automated Amino Acid Analyzer (Hitachi L-8800, Tokyo, Japan). 
Since the digestible or metabolizable energy values for the ingredients used in the test 
diets are not available for fingerling H.fossilis, digestible energy was calculated using 
conversion factors of 35.53, 18.81 and 14.63 MJ kg"' for fat, protein and 
carbohydrate, respectively (Jauncey 1982). 
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Water stability of the amino acid test diets 
The water stability of the amino acid test diets was assessed with slight modification 
of Fagbenro & Jauncey (1995). Test samples were placed on a 750-nm mesh screens 
and allowed to settle to the bottom of experimental tanks without fish for 30 min. 
Temperature and flow rate were 27±0.8°C and 1-1.5 L min"', respectively. At the end 
of the allotted time, diet samples were removed from the tanks and oven-dried for 24 
h, cooled in a desiccator to room temperature and reweighed. Water' stability of the 
experimental diets was calculated as the percentage difference in sample weight after 
re-weighing. To determine the leaching loss of the amino acids from the test diets, the 
dried samples after immersion in water were also subjected to amino acid analysis. 
Results of the amino acid analysis of these dietary samples exhibited that after 
immersion in water for 20-30 minutes, the amino acid test diets were 97-99% water 
stable. 
Water quality parameters 
Water quality parameters as free carbon dioxide (CO2), dissolved oxygen (DO), total 
ammonia nitrogen (TAN), total alkalinity and pH were recorded daily during the 
feeding trial (APHA 1992) according to the following protocol: 
Free carbon dioxide 
To determine the free CO2 content, 3-4 drops of phenolphthalein reagent were added 
to a 50 mL water sample. This was then titrated against N/44 NaOH. If sample 
remains colourless, it indicates the presence of free CO2. A pink colour as the 
endpoint of the titration indicates the absence of CO2. The free CO2 content in the 
•Water sample was calculated as: 
Free CO2 (mg L"')= mL N/44 NaOH x 1000/mL of the water sample 
Dissolved oxygen 
To determine the dissolved oxygen content of the sample, 2.5 mL of MnS04 and 2.5 
mL of alkaline iodide was added to a 250 mL water sample and was left for one 
15 
minute for precipitation. Now, 2.5 mL of concentrated H2SO4 was added to tliis 
solution for dissolving the precipitate. Now 50 mL of this sample was taken and 
titrated against 0.025 [N] Na2S203 till a pale straw colour is obtained. Continue 
addition of thiosulphate solution was confirmed till the solution became colourless. 
This is read as the endpoint of the titration. The oxygen content is calculated as: 
Dissolved oxygen in mg L"'= mL thiosulphate x 1000 x 8/mL of the water sample x 
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Total amm da nitrogen 
To measui ':he total ammonia nitrogen in the water sample, ImL phenol solution, 
ImL nitroi 'uside solution and 2.5 mL oxidizing solution were added to a 25 mL 
water sample. The sample is shaken thoroughly after each addition. The sample is 
now left for an hour to develop the colour. A blank was prepared and treated in a 
same way. The intensity of the colour developed is measured at 640nm. 
Total alkalinity 
In a 50 mL water sample 3-4 drops of phenolphthalein were added. This led to the 
development of pink colour which was titrated against N/50 H2SO4 solution until pink 
colour disappears. If sample remains colourless after addition of phenolphthalein, then 
phenolphthalein alkalinity is zero. To that sample, 2 drops of methyl orange is added. 
The sample turns orange. It was then titrated against N/50 H2SO4 solution until orange 
colour turns red or pink. This is taken as the end point. The total alkalinity is 
calculated as: 
Phenophthalein alkalinity (mg L"')=Vol. of N/50 acid at first titration x 1000/mL of 
the water sample 
Methyl orange alkalinity (mg L'')=Vol. of N/5P acid in total titration x 1000/mL of 
the water sample used. 
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pH 
Water in each trough was sampled and analysed to determine the hydrogen ion 
concentrations (H*). The pH was measured using digital pH meter, SI-139, Spectronic 
India. 
Hematological assay 
Studies of hematological variables have become important as an auxiliary tool for the 
diagnosis and determination of fish health status (Tavares-Dias & Moraes 2004). 
Factors involved in blood cell formation have been studied for fish health assessment 
(Blaxhall 1972; Klontz 1972; Stoskopf 1993). A number of studies have shown that 
differences in blood cell formation and function are the indicative of dietary 
manipulations (Poston 1964; Bamhart 1969; LeRay et al. 1986; Jarboe et al. 1989; 
Greene & Selivonchick 1990; Duncan et al. 1993; Wise et al. 1993). The selected 
hematological properties were assessed to determine if dietary essential amino acids 
affect the selected hematological parameters. The hematological response of 
fingerling H.fossilis to dietary essential amino acids was evaluated by analyzing the 
selected hematological parameters. 
To carry out the hematological hieasurements, fish were randomly sampled 
and anaesthetized with Tricaine Methane Sulfonate (MS-222; 100 mg L"') for the 
collection of blood from initial stock. After the termination of the experiment, blood 
samples were collected using in a sterile syringe rinsed with ethylene dimethyl tetra 
amine (EDTA; 5 mg mL"') solution as an anticoagulant from the caudal vein of 6-8 
fish from each treatment, pooled and used to determine blood characteristics. Red 
blood cells (RBCs x 10^mL'') were counted under a light microscope (Nikon, Japan, 
E-600) using a Neubauer hematocytometer with Yokoyama's (1947) solution as the 
diluting medium. Blood hemoglobin (Hb g dL'') was estimated colorimetrically 
following Wong's (1928) method. Haematocrit value (Hct%) was measured by 
drawing fresh blood into microhaematocrit tubes and centrifuged in a 
microhaematocrit centrifuge (RM 12C, Micro Centrifiige, Remi, Remi Motors, 
Bombay, India) at 3600rpm for about 5-6 min. For the determination of erythrocyte 
sedimentation rate (ESR mm h''), 0.2 mL of well mixed blood was drawn into a 
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Westurgren tube. The tubes were placed vertically and were left undisturbed for 60 
min at ambient temperature (25°C), after which time the level of the column of 
sediment was noted as ESR. Erythrocyte osmotic fragility (EOF %) was assessed as 
per Ezell et al. (1969) using gradient saline solutions. 6 |xL of blood was added to 
2 mL of a salt solution (NaCl) with different concentrations (0, 0.25, 0.45, 0.55, 0.65, 
and 0.85%). After incubation at room temperature for 30 min, the tubes were 
centrifiiged at 3000 g for 10 min. The release of heamoglobin following heamolysis 
was measured using 540 nm using spectrophotometer (ThermoSpectronic, Genesys-
lOS, Rochester, New York, USA) with distilled water as blank. The percentage of 
haemolysis was calculated by reading of the optical density of the supernatant against 
salt concentrations. The values for per cent heamolysis was calculated by dividing the 
optical density of the supernatant with blood in physiological saline with the optical 
density of supernatant of the tubes with blood in distilled water and then multiplying 
the ratio with 100. 
Lens Quality Analysis 
Lens quality analysis was performed for the amino acid requirement studies. 
Deficiencies of the dietary essential amino acids are associated with lenticular 
cataract. For this, the intact eyes of the live fish from each dietary treatment groups 
were examined. Using the total amount of light transmitted through the normal lens as 
100 percent, lenses were assigned the values of 100, 75, 50, 25 and 0 percent, 
according to the degree of opacity. For this, after termination of the experiment, 5-6 
fish from each replicate of the treatment (n=4) were sampled, decapitated and the lens 
was removed aseptically from the left eye. The lenticular attachments were carefully 
removed and the lenses were mounted on a glass slide and observed carefiilly for 
cataract with the help of head-mounted binocular magnifier with in-built light source. 
Estimation of nucleic acids 
After the termination of feeding trial, 5-7 fish from each replicate of the treatment 
groups were randomly euthanized with MS-222 (100 mg L"') and white muscle tissue 
was removed. Four subsamples of the tissue samples for each replicate of the 
treatment groups were taken for the determination of RNA and DNA. Nucleic acids 
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were extracted from the muscle using a modified Schmidt-Thannhauser method as 
described by Moss (1994) and estimated using following methods: 
RNA 
RNA concentrations were determined using the orcino! method (Mejbaum 1939). 
Four samples of fresh-frozen pooled white muscle tissue weighing 250 mg from each 
replicate were placed in centrifuge tubes to which 4 mL cold 0.22 M Per-Chloric Acid 
(PCA) was added and stored at 4°C for 15 min. Samples were centrifuged at 3000 g 
(4°C) for 15 min. The supernatant was discarded and the precipitate was washed twice 
with PCA according to the above procedure. The resulting precipitate was dissolved 
in 4 mL 0.3 N potassium hydroxide while incubating in a hot water bath at 38°C for 2 
h. A standard using purified yeast RNA (Sigma) was prepared. The tubes containing 
the samples and standard were cooled, then 1 mL PCA was added and centrifuged. 
For determining the RNA, 1 mL of the supernatant was taken to which 2 mL orcinol 
reagent was added and then incubated in a hot water bath at 98°C for 20 min. Intensity 
of the developed colour was read at 665 nm after adjusting the blank using 
Spectrophotometer (Genesis 10-UV, Thermo Spectronic, Madison, WI, USA). The 
quantity was expressed as ^g 100 mg''. 
DMA 
DNA concentrations were determined using a dual wavelength method (Wilder & 
Stanley 1983). Four samples of white muscle tissue (50mg) from each replicate and 
the standards (calf thymus DNA, Sigma) were placed in centrifuge tubes to which 5 
mL of 0.5 N PCA were added and the tubes were heated at 70°C for 30 min. After 
cooling and centrifugation at 3000 g for 15 min, the absorbance of the samples was 
measured at 232 and 260 nm. The quantity was expressed as \ig 100 mg''. 
Proximate analysis of ingredients, amino acid test diets and fish 
Proximate composition of amino acid test diets, ingredients, and initial and final 
whole body fish samples was analysed as per the standard methods (AOAC 1995). 
The detailed methodologies of each analysis are as follows: 
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a. Moisture content and dry matter 
The moisture content and dry matter of the samples was determined by oven drying to 
constant weight at 105±1°C for 22h in a thermostat (Yorko Instruments, New Delhi, 
India). 
Dried fish samples 
b. Crude protein 
Crude protein was determined as per macrokjeldahl method (Nx6.25) using Foss 
Kjeltec (Kjeltec Tecator™ Technology 2300, Hoegeneas, Sweden) by digesting the 
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dried samples in sulphuric acid at high temperature (420°C). Known quantities of 
samples (0.1-0.2g) were taken in Kjeltec digestion tubes (Foss, Hoegeneas, Sweden). 
To this 0.8 g CUSO4, 7 g K2SO4 and 12 ml concentrated H2SO4 were added. The 
contents were digested on a pre-heated digester (Digester Tecator^"^ 2006, 
Technology, Hoegeneas, Sweden) for 60 minutes. The digested samples were then 
cooled at room temperature and distillation was done. The distillates were titrated 
automatically using O.IN HCl in distillation unit of the instrument. The level of the 
protein displayed on the screen as per cent was noted down. 
Protein estimation 
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c. Crude fat content 
Crude fat content of the samples was determined following petroleum ether extraction 
method (Socs Plus, SCS 4, Pelican Equipments, Chennai, India) using petroleum 
ether (B.P. 40-80°C) as an organic solvent. Approximately 2-4 g of coarsely ground 
dry samples were placed in the thimble (Whatman, Cellulose Extraction Thimbles, 
25mm x 80mm) which was attached to the adapter and then placed in a pre-weighed-
Fat estimation 
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extraction cups containing 80 mL petroleum ether. The samples were boiled for 15 
min at 110°C followed by a continuous boiling at 80°C for another 45 minutes. 
Condenser valves were open for proper rinsing of the samples with the solvent after 
every 15 to 20 min. At the end of the cycle, the samples were finally boiled at 160°C 
for about 10 min. Extraction cups containing fat extracted from the samples were 
removed and placed in a thermostat for drying. After drying, these cups were 
transferred to desiccator for 5 min and reweighed. Per cent fat content of the sample 
was calculated as per the following formula: 
Crude fat (%) = WT-WJ/WU X 100 where, ff/=weight of empty extraction cup, 
^2=weight of extraction cup with fat after evaporation and Wt is the weight of the dry 
sample. 
d. Crude ash content 
The ash content was determined by burning 2g of dried sample in a muffle ftimace at 
550-600°C for 2 hours. Then the crucible containing the sample residues were placed 
in desiccator to cool at room temperature and then re-weighed. 
Muffle furnace 
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Percentage ash was calculated by using the formula: 
Total ash (%) = W1-W2/W1 x 100 where, Wj is weight of crucible with sample before 
ignition, W2 is the weight of crucible with ash and Wi is the initial weight of sample 
e. Amino acid analyses offish and dietary ingredients 
Amino acid analysis of casein, gelatin, reference protein (Whole Chicken Egg, WCE), 
experimental diets, and initial and final fish body was performed in an automatic 
Amino Acid Analyzer (Hitachi L-8800, Tokyo, Japan). 
Amino Acid Anaiyxer (Hitachi L8800) 
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0.3mg sample was hydrolyzed in ImL of 6N HCl for about 22h under a nitrogen 
atmosphere at 110°C temperature. The samples thus obtained were diluted in 0.02N 
HCl. The hydrolyzed samples were filtered using microfilter (Cellulose acetate 
membrane, 0.45 micron, Coming, Japan) and then injected in an automatic Amino 
Acid Analyzer (Hitachi L-8800, Tokyo, Japan). Recovery hydrolysis was performed 
in 4 N methanesulfonic acid instead of 6N HCl for the analysis of tryptophan which 
followed the decomposition at 110°C temperature for 22hrs. After this 4N NaOH was 
added to adjust the pH to approximately 2. This was then diluted again in 0.02N HCl. 
However, the recovery hydrolysis of sulphur amino acids methionine and cystine was 
performed in 2mL of performic acid for 4-24 hrs. After this 0.3 ml of 48% HBr was 
added and the decomposition was performed at 110°C for 22 hrs. The samples were 
then dried solid under reduced pressure. After this 1 mL of 0.2N NaOH was added 
and sample was then left standstill for about an hour. Lastly the pH and volume of the 
sample was adjusted using 0.05N and O.IN HCl. 
/ Determination of gross energy content (GE) of ingredients, fish and amino acid 
test diets 
(i) Calibration of the instrument 
0.7 g of benzoic acid (BA) was ignited and the energy released was read on a 
galvanometer. This is used in calibrating the instrument. 
(ii) Sample preparation 
The samples of the feed ingredients were ground and sieved through a lOOum mesh 
screen and dried at 50°C overnight. Gross energy was determined by using Ballistic 
Bomb Calorimeter. To determine the gross energy content of the ingredients, fish 
body and amino acid test diets, l.Og sample was taken in a metallic crucible. The 
sample was compacted careftilly us,ng the tamping tool and ignited in the bomb filled 
with oxygen. The samples were burned in a Gallenkamp Ballistic Bomb Calorimeter 
(Gallenkamp, Loughborough, U.K.). The heat released was read on a galvanometer. 
Quadruplicate determinations were made for each sample. The heat generated was 
measured as a deflection of galvanometer. Thermochemical grade benzoic acid was 
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used as a standard material. Gross energy contents of casein, gelatin, dextrin, fat and 
amino acids, respectively were determined to be 23, 20.19, 16, 37.6 and 24.24 MJ kg" 
. These fuel values were utilized to calculate and fix the gross energy content of the 
amino acid test diets. To confirm the calculated levels of gross energy of the prepared 
amino acid test diets, each dietary sample was ignited in Gallenkamp Ballistic Bomb 
Calorimeter. 
Ballistic Bomb Calorimeter (Loughborough, UK) 
Growth indices 
Growth performance of the H.fossilis in response to varying levels of each of the ten 
dietary essential amino acids was measured as a function of weight gain by 
calculating following parameters. All the weights were log transformed to calculate 
the specific growth rate. Calculation of the growth parameters were made according 
to the formulae described below (Wee & Tacon 1982; Tabachek 1986; Hardy 1989; 
Gunasekera et al. 2000; Abidi & Khan 2007; Khan & Abidi 201 la; 2012). 
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Live weight gain (LWG %) = [mean final body weight-mean initial body weight 
(g)/mean initial body weight (g)] x 100 
Absolute weight gain (AWG; g fish') = mean final body weight (g)-mean initial 
body weight (g) 
Thermal growth coefficient (TGC) = [(N Wt - N Wo)/ (Txt)] x 1,000; where W, and 
Wo are the final and initial body weight, T is duration of the experiment in days, and t 
is the mean daily temperature in Celsius scale 
Specific Growth Rate (SGR% day') = In mean final weight (g)-In mean initial 
weight (g) / No. of days of the feeding trial x 100 
Feed Conversion Ratio (FCR) = dry feed fed (g)/wet weight gain (g) 
Nutrient retention efficiency (NRE%): 
Protein retention efficiency = [mean final body weight (g) x mean final body protein 
(g)]-[mean initial body weight (g) x mean initial body protein (g)] / total amount of 
feed intake (g) x total percentage of crude protein of the diet 
Energy retention efficiency = (mean final body weight x mean final body energy)-
(mean initial body weight x mean initial body energy) / total amount of feed intake (g) 
X total percentage of energy of the diet 
Amino acid retention efficiency (%) = final body weight (g) x final body amino acid-
inifial body weight (g) x initial body amino acid/amino acid fed (g) x 100 
Protein gain (PGgfish' day'') = final body weight (g) x final body protein (g)-initial 
body weight (g) x initial body protein (g) /No. of days 
Lipid productive value (LPV; gfish'') = (mean final body weight x mean final body 
lipid)-(mean initial body weight x mean initial body lipid) / total amount of feed 
intake (g) x total lipid of the diet) 
Feed intake (Fig fish'') = total feed consumed (g)/No. offish 
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Hepatosomatic index (HSI%) = liver weight (g)/body weiglit (g) x 100 
Viscerosomatic index (VSI%) = viscera weight (g)/body weight (g) x 100 
Condition factor (CF) = live weight (g)/ body length (cm) ^  x 100 
Survival Rate (SR %) = (final number of fmgerling collected/initial number of 
fmgerling stocked) x 100 
Statistical analyses 
The growth data were subjected to one-way analysis of variance (ANOVA; Snedecor 
& Cochran 1968; Sokal & Rohlf 1981) to test the effects of experimental diets and 
were expressed as mean±SD. When significant (P<0.05) difference was found, a 
Tukey's Test of Significance (Tukey 1953) was used to resolve the difference. 
Statistical evaluation of the data was done using the softv/are Origin (version 6.0; 
Origin Software, San Clemente, CA). The indicators (growi;h, feed conversion ratio, 
protein gain, lipid productive value, amino acid retention) were subjected to broken-
line (Y=a+bX; Robbins et al. 1979) and quadratic regression analysis (Y=aX^+bX+c; 
Shearer 2000) and the optimum levels of dietary L-amino acids under question were 
determined at the point of the curve at which the maximum slope of the curve 
plateaued by 95% (Dias et al. 2003). However, dietary threonine requirement was 
determined according to the method of Baker et al. (2002) and Parr et al. (2003) in 
which the broken-line and quadratic analyses were superimposed and the requirement 
determined by establishing the point where the quadratic curve first intersected the 
plateau of broken-line. 
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Table 1. Composition of mineral premix* 
Minerals g kg ' of mineral mix 
Calcium biphosphate Ca (H2P04)2.4H20 135.7 
Calcium lactate ([CH3CH(OH)COO]2Ca) 326.9 
Ferric citrate (FeCCeHsOy.xHaO) 29.7 
Magnesium sulphate heptahydrate (MgS04.7H20) 132.0 
Potassium phosphate (Dibasic, K2HPO4) 239.8 
Sodium biphosphate (Na2HP04) 87.2 
Sodium chloride (NaCl) 43.5 
Aluminium chloride (AICI3.6H2O) 0.15 
Potassium iodide (KI) 0.15 
Cupric chloride (CuCb) 0.10 
Manganese sulphate monohydrate (MnS04.H20) 0.80 
Cobalt chloride (C0CI2.6H2O) 1.00 
Zinc sulphate heptahydrate (ZnS04.7H20) 3.00 
*Halver2002 
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Table 2. Composition of vitamin premix^ 
Vitamins g kg' dry diet 
Alpha cellulose (Cellulose microcrystalline) 
Choline chloride 
Inositol 
Ascorbic acid (L-ascorbyl-2-polyphosphate) 
Nicotinic acid 
Calcium pantothenate 
Riboflavin 
Menadione 
Pyridoxine HCl 
Thiamin HCl 
Folic acid 
Biotin 
Alpha tocopheryl acetate** 
Vitamin B12 (as cyanocobalamine)*** 
20.00 
5.00 
2.00 
1.00 
0.75 
0.50 
0.20 
0.04 
0.05 
0.05 
0.015 
0.005 
0.40 
0.0001(0.5 mL) 
*Halver2002 
**Incorporated with oil 
***(10mg 50mL-* H2O) 
(lOg vitamin premix diluted in 20g alpha-cellulose) 

CHAPTER 1 
EFFECTS OF VARYING LEVELS OF DIETARY I^ -HISTIDINE ON 
GROWTH, FEED CONVERSION, PROTEIN GAUN, HISTIDINE 
RETENTION, HEMATOLOGICAL AND BODY COMPOSITION IN 
FINGERLING STINGING CATFISH HETEROPNEISTES FOSSILIS 
(BLOCK) 
TiihUsUcdhi "Aqi4(iculture"20l.l 404-405, 130-138 (Elsevier Publications) 
INTRODUCTION 
To formulate amino-acid balanced, cost-effective and eco-friendly practical diet for 
intensive aquafarming of a candidate fish, species specific understanding of the ten 
dietary essential amino acid needs is essential. Among all the 10 essential amino 
acids, histidine is one of the most important amino acids in fish diets. It has been 
reported that administration of histidine promotes the secretion of growth hormone 
and hence groMh (Vught et al., 2008). It is critical in maintaining the osmoregulation 
process in fish and is utilized for energy production during certain emergencies or 
adverse conditions (Abe and Ohmama, 1987). Histidine serves as an important 
antioxidant and buffer in different tissues of various fish species (Hiroshi and Murai, 
1994; Munakata et al., 2000; Wade and Tucker, 1998). Fishes have higher levels of 
histidine containing dipeptides anserine and camosine in their muscles (Abe et al., 
1986) which act as, antioxidants in lens and, therefore, its dietary deficiency causes 
the development of cataract in fishes (Breck et al., 2005). Erythrocytes are important 
carriers of amino acids such as aspartate, glutamate, glycine, histidine and lysine in 
monogastric animals (Seal and Parker, 2000). Also, the protein hemoglobin (Hb) is 
rich in histidine (Sebrell and McDaniel, 1952), hence histidine is particularly 
important amino acid for hemoglobin synthesis in aquatic as well as in terrestrial 
animals (Nasset and Gatewood, 1954; Finals et al., 1973; Sebrell and McDamel, 952). 
Because of its versatile roles, its dietary inclusion as per the requirement of the 
species is warranted. 
Due to the high nutritive value as has been detailed under the General 
Introduction section (page 6-8), Heteropneustes fossiUs is generally recommended as 
a diet for convalescing patients (Alok et al., 1993). Earlier studies on its nutrition 
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includes mainly the information on feed acceptability, protein requirement, mineral 
and vitamin requirements and the protein to energy ratio (Akand et al., 1991; Anwar 
and Jafri, 1992; Firdaus et al, 2002; Jhingran, 1991; Khan and Abidi, 2012; 
Mohamed, 2001; Niamat and Jafri, 1984; Siddiqui and Khan, 2009; Usmani and Jafri, 
2002). 
There is little information available on essential amino acid requirements of 
Singhi (Farhat and Khan, 2012a, b; 2013a; Khan and Abidi, 2011a, b) which is the 
major impediment that hinders the production of nutritionally adequate manufactured 
feeds for its intensive culture. Also, the lack of consistent data on the essential amino 
acid requirements of different growth stages of this fish makes it difficult to correctly 
formulate diets that maximize growth to their full genetic potential. Optimum level of 
dietary histidine has been worked out for a number of cultivable fish species (NRC, 
2011; Zhao et al., 2012). However, until recently there is an absolute lack of 
published data on dietary histidine requirement of fingerling H. fossilis. Therefore, 
this study was conducted to determine the effects of dietary histidine concentrations 
on growth, feed conversion, protein gain, histidine retention and body composition in 
fingerling H. fossilis. 
Since histidine is found to be in higher concentration in hemoglobin protein, a 
direct relationship between dietary histidine intake and hematological parameters 
exists. Consequently, to verify the histidine requirement obtained by growth and 
nutrient retention data, hematological variables which give accurate indication of the 
fish health in response to dietary manipulations have also been investigated. 
MATERIALS AND METHODS 
Preparation of amino acid test diets 
Casein (vitamin and fat-free)-gelatin based basal diet was supplemented with 
incremental levels (5.0, 6.5, 8.0, 9.5, 11.0, 12.5 g kg') of L-histidine. Diets were 
prepared to be isonitrogenous (380 g kg' crude protein; CP) and isocaloric (17.9 MJ 
kg-' gross energy; GE, 15.3 MJ kg' digestible energy, DE). Ingredients used to 
prepare the diets have been given in Table 1. To accentuate the utilization of the 
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limiting amino acids from the diet (Wilson, 2002), dietary protein level was fixed at 
380 g kg"', slightly lower than the optimum protein requirement reported by Siddiqui 
and Khan (2009, 400 g kg''). Crystalline L -amino acids were added to the intact 
protein sources to simulate the amino acid profile of the experimental diets to that of 
380 g kg" whole chicken egg protein excepting the test amino acid histidine which 
was added to provide the calculated values as 5.0, 6.5, 8.0, 9.5, 11 and 12.5 g kg'' 
diet. Arginine, tryptophan and lysine were fixed in all the diets as per the requirement 
determined for these three amino acids (Farhat and Khan, 2012a, b; Farhat and Khan, 
2013a). Histidine contributed by the intact protein casein and gelatin was 3.9 and 0.4 
g kg' diets, respectively. The amount of glycine on protein to protein basis was 
replaced by the incremental levels of histidine in the diets. This adjustment was made 
to make the diets isonitrogenous. Crystalline L-amino acid premix was pre-coated 
with carboxymethyl cellulose and freeze-dried prior to use. The CMC-bound 
crystalline amino acid mixture and other dry ingredients were then added to the 
casein-gelatin paste. This was done to delay the digestive absorption of the amino 
acids from the gut, optimize their use for protein accretion or gain (Mambrini and 
Kaushik. 1994), improve the water stability of the diets and prevent the leaching of 
the amino acids from the diet. The pH of each diet was adjusted to 7.0 by the addition 
of 6N NaOH (Wilson etal.. 1977). A blend of cod liver oil and corn oil (2:5) was 
used as the dietary lipid source to provide n-3 and n-6 fatty acids. Vitamin and 
mineral premixes were prepared as per Halver (2002). Diets were made isoenergetic 
by adjusting the amount of dextrin. The amino acid test diets were prepared as per 
Abidi and Khan (2007) detailed under General Methodology section (pages 12-13). 
To confirm the quantity of dietary histidine, diets were analyzed using an automated 
Amino Acid Analyzer (Hitachi L-8800, Tokyo, Japan). The analyzed histidine 
concentrafions (4.9, 6.3, 8.1, 9.4, 10.8 and 12.4 g kg"' dry diet) were sufficiently close 
to the formulated values. Since the digestible or metabolizable energy values for the 
ingredients used are not available for fingerling H. fossilis, digesfible energy was 
calculated using conversion factors of 35.53. 18.81 and 14.63 MJ kg"' for fat, protein 
and carbohydrate, respectively (Jauncey, 1982). Water stability of the amino acid test 
diets was assessed as per the method described under General Methodology section 
(page 14). It revealed that the prepared amino acid test diets were 97% water stable. 
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Experimental design and feeding trial 
The source of the fish and their acclimatization was done as per the protocol described 
under General Methodology section (page 9). 
After acclimatization, fishes (mean body weight 6.6±0.2g, mean body length 
10.5±0.1cm) were randomly distributed at the rate of 20 fish in quadruplicate (n=4 x 
20) in circular polyvinyl troughs (water volume 55 L) fitted with a continuous water 
flow-through system (1-1.5 L min"'). Fish were kept under a constant natural 
photoperiod of 12 h light:12 h dark. A daily record of water quality parameters was 
maintained according to the procedures of APHA (1992). The average water 
temperature 27°C, dissolved oxygen 5.5 mg L'\ free carbon dioxide 8.1 mg L"'. total 
NH3-N 0.22 mg L'', nitrite-N 4.1 mg L"', nitrate-N 3.0 mg L"', pH 7.3 and total 
alkalinity 78 mg L' based on daily measurements, were within the optimum range. 
Feeding regime and weekly measurements 
After carefully observing the feeding behavior and feed intake, fishes were fed test 
diets in the form of semi-moist balls (350 g kg"' moisture; 5 mm in diameter) to 
apparent satiation twice daily at 07:00 and 17:30 h. During feeding particular 
attention was given to the consumption of the diets offered. None of the diet offered 
remained uneaten in any trough. Hence, the amount of uneaten feed was almost 
negligible in each trough. Faecal matters were siphoned before and after active 
feeding. The feeding trial lasted for 8 week. On the day of weekly measurements, fish 
were fasted for 24 h to empty their guts and their mass weight recorded on a top-
loading balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, Zurich, Switzerland) 
for calculating other growth parameters. To avoid stress, above measurement were 
taken under moderate anesthesia (100 mg L"' MS-222, Sigma, St Louis, MO, USA). 
Sample collection 
At the beginning and end of the 8 week feeding trial, fish samples were taken after 
subjecting them to a lethal dose of 100 mg L"' MS-222, Sigma, St Louis, MO, USA 
and kept frozen at -20°C for subsequent whole body proximate analysis. Six 
subsamples of a pooled sample of 30 fishes were analyzed for initial body 
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composition. At the end of the experiment, 10 fish from each replicate of dietary 
treatments were sampled, pooled and analyzed for final body composition. At the start 
and end of the experiment eight fish from each replicate were recorded for their length 
and weight to calculate condition factor. The fish were then dissected, the liver and 
viscera were carefully removed, rinsed in water, dabbed dried with soft cloth and 
weighed in order to establish the hepatosomatic and viscerosomatic indices (HSl; 
VSl). 
Hematological measurements 
Hematological measurements were done as per the standard protocol detailed under 
General Methodology Section (page 16-17). 
Proximate analysis of amino acid test diets and fish samples 
Proximate composition of casein, gelatin, experimental diets, and initial and final 
body composition was analyzed using standard methods (AOAC, 1995) detailed 
under General Methodology section (page 18-23). Gross energy of the amino acid test 
diets was calculated on the basis of fuel values 23. 20.19, 24.24, 16 and 37.6 MJ kg"' 
for casein, gelatin, amino acids, dextrin, and fat, respectively, as determined using a 
Gallenkamp Ballistic Bomb Calorimeter (Loughborough, UK). To confirm the 
calculated levels of gross energy of the prepared amino acid test diets, each dietary 
sample were analyzed for their gross energy content as per the method detailed under 
General Methodology section (page 24-25). The analyzed values were found to be 
almost similar to the calculated values (Table 2). Amino acid analysis of the samples 
was performed according to Khan and Abidi (201 lb). Detailed methodology for this 
has been given under General Methodology section (page 23-24). The results related 
to proximate analyses of the amino acid test diets and the analysed amino acid 
composition of diet Hi are presented in Table 2. 
Calculations and statistical analyses 
Calculation of various growth parameters was made according to the standard 
definition as described under General Methodology section (page 25-27). 
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Data were statistically analysed as per the standard methods given under General 
Methodology section (page 27). 
RESULTS 
Growth performance 
Absolute weight gain (AWG g fish"'), feed conversion ratio (FCR), protein gain (PC g 
fish"' day") and histidine retention (HR%) improved in response to graded levels of 
dietary histidine up to 9.4 g kg"' (H4) (Table 3). Further increase in dietary histidine 
(10.8 g kg" ; H5) did not show any significant change in above parameters. However, 
fish fed diet containing 12.4 g histidine kg"' (He) diet resulted significant decline in 
AWG g fish"', FCR, PG gfish"' day"' and HR%. Survival was unaffected (P>0.05) by 
the dietary histidine concentrations and no fish died during the length of the feeding 
trial. Quadratic regression analysis of AWG g fish"' and FCR (Fig. 1), PG g fish"' day" 
' (Fig. 2) and HR% (Fig. 3) data against dietary histidine levels, at 95% maximum and 
minimum response, exhibited that the above parameters attained their best values at 
9.6, 9.8, 9.1 and 9.2 g histidine kg"' of diet. The relationships were described by the 
following equations: 
Y95% max AWG g fish'' =" 1.24493X^+26.21045X-86.66489, R^  = 0.988, P<0.05, 
Y95o/„ ni.n FCR=0.08156X^-1.62492X+9.82472. R^=0.955, P<0.05 
Y95o/„ max PG gfish"'day''= -0.0042X^+0.08573X-0.29617, R^=0.938, P<0.05 and. 
Y95o/„ ,^ ax HR%- -1.38175X^+28.33983X-96.44081, R^=0.965, P<0.05, 
respectively. 
Quadratic regression analysis at 95% maximum and minimum response of 
AWG g fish"', FCR, PG g fish"' day"' and HR%) pointed out that these response 
variables were best at 9.6, 9.8, 9.1 and 9.2 g histidine kg ' of the dry diet, 
corresponding to 25.3,.25.8, 23.9 and 24.2 g kg ' protein. The optimum hisfidine 
requirement is found to be 9.4 g kg"' dry diet, corresponding to 24.8 g kg"' of the 
protein. 
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Whole body composition 
Varying levels of dietary histidine had profound influence on whole body 
composition of fingerling H. fossilis (Table 4). Whole body fat content showed a 
declining trend (P<0.05) with the incremental levels of histidine up to 9.4 g kg"' of the 
diet (H4) beyond which it remained almost same in fish fed diet H5 and He. Contrary 
to this, the whole body moisture content of fmgerling H. fossilis exhibited a positive 
correlation in response to graded intake of dietary histidine. Whole body protein 
increased in fish fed L-histidine up to 9.4 g kg"' of the dry diet. However, whole body 
protein remained almost constant (P>0.05) in fish fed H5 and He diets. No significant 
differences in whole body ash content were noted in fish fed diets with variable levels 
of histidine. 
Somatic indices 
Liver to body weight relationship (HSI) was affected by dietary histidine treatments 
(P<0.05). The mean liver weight was significantly higher in fish fed deficient (Hi and 
H2) and excess (H, and He) levels of dietary histidine compared to those fed H3 and 
H4 diets (Table 4). However, no significant differences in VSl of fish fed diets with 
different levels of histidine are noted (Table 4). Condition factor (CF) was found to be 
lowest for the groups fed H] diet (Table 4), attained a maximum value in fish fed 
dietary histidine at H4diet indicating that fish were in good condition at this level of 
dietary histidine. 
Hematological features 
The hematological parameters of fish receiving varying concentrations of dietary 
histidine are presented in Table 5. Dietary histidine concentrations significantly 
impacted haematocrit (Hct%), hemoglobin concentration (Hb g dL"'), RBCs count 
(RBCs X 10*^  mL"') and erythrocyte sedimentation rate (ESR mm h"'). Hb and Hct% 
concentrations increased significantly with the increase in dietary histidine 
concentrations up to 9.4 g kg"' (H4) followed by an insignificant decline in fish fed 
diets Hsand He. Significantly lower ESR value (1.94 mm h"') was recorded for the 
groups fed 9.4 g histidine kg"' of the dry diet (H4) compared to the groups fed diets 
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containing 4.9 (H,), 6.3 (H2) and 8.1 g histidine kg"' (H3) of the diet. However, further 
increase in dietary histidine at 10.8 (H5) and 12.4 g kg"' (He) of the diet did not show 
any significant change in ESR values. 
Erythrocyte osmotic fragility (EOF) 
Erythrocyte osmotic fragility measured as per cent hemolysis was found to decrease 
with the increase in dietary histidine up to 9.4 g kg"' (H4) indicating that erythrocytes 
in fish fed diets H4 were least susceptible to osmotic lysis. However, significant 
increase in the erythrocyte fragility was evident in fish fed excess levels (H5 and He) 
of dietary histidine (Table 5). 
Deficiency signs 
The 8-week feeding trial showed that the fish fed histidine deficient diets resulted in 
poor growth and anorexia. No other obvious deficiency signs or any external 
pathology were observed in fingerlings fed low histidine diets (H| and H2). 
DISCUSSION 
Besides their role as building blocks for protein synthesis and gluconeogenic 
substrates, amino acids have also been associated with a muhitude of physiological 
functions (Wu, 2009). The objective of the present study is to determine the effects of 
dietary L-histidine on growth performance, protein gain and histidine retention using 
a dose-response approach. Singhi fingerling fed low histidine diet (4.9 g kg" of dry 
diet; Hi), exhibited an anorectic behavior as a primary response to dietary histidine 
deficiency resulting in poor growth and feed conversion ratio. Feed consumption was 
found to improve with the increase in dietary histidine fromi 4.9 (Hi) to 9.4 (H4) g kg" 
and then remained almost same in the groups fed dietary histidine at 10.8 (H5) and 
12.4 (H6)g kg"' of the dry diet. Although, the feed consumption in fish fed H2 diet 
was improved from Hi, it was significantly lower compared to fish fed H3 and H4 
diets. This lower feed intake in fish fed diet containing lower amounts of histidine (Hi 
and H2)may be due to the reason that after ingesting an amino acid imbalanced diet, 
animal first recognizes the amino acid deficiency and then respond by reducing their 
food intake (Maurin et al., 2006). This anorexia resulting from an amino-acid 
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imbalanced diet takes place very rapidly (Gietzen, 1993; Harper et al., 1970; Rogers 
and Leung, 1977). Scott (1998) also observed poor growth rate fed low histidine diets 
than those fed excess amino acid. 
Growth performance of the fish increased significantly with increasing dietary 
histidine concentration up to 9.4 g kg"' diet (H4). Fish fed histidine at 10.8 g kg'' of 
the diet (H5), however, did not show any improvement in growth performance over 
the dietary histidine intake of 9.4 g kg"' (H4). Further increase in histidine 
concentration at 12.4 g kg"' of the diet (He) resulted in significant decline in growth 
performance of fingerling Singhi. Quadratic regression analysis of AWG g fish"'. 
FCR, PG g fish"' day"' and HR% at 95% maximum and minimum slope, exhibited 
dietary histidine requirement at 9.4 g kg"' dry diet. This dietary histidine requirement 
of fingerling H.fossilis in terms of per cent of the diet is higher than that reported for 
Ictalurus piinctatm (Wilson et ai., 1980) and Oreochromis niloticns (Santiago and 
Loveli, 1988) and almost similar to that reported for Anguilla japonica (Arai et al., 
1972). Cyprinus carpio (Nose. 1979), Calla catla (Ravi and Devaraj, 1991), Labeo 
rohita (Murthy and Varghese, 1995), Labeo rohita (Abidi and Khan, 2004a), 
Cirrhinus mrigala (Ahmed and Khan, 2005) and Cyprinus carpio (Zhao et al.. 2012) 
presented in Table 6. Discrepancies in amino acid needs determined for various fish 
species may be due to single or a combination of factors such as diet composition, 
feeding procedures, growth rate and mathematical approach (Cowey, 1994; 
Encarnagao et al., 2004; Hauler and Carter, 2001; Kim et al, 1992; Rodehutscord and 
Pack, 1999; Tacon and Cowey, 1985). The wide variations observed in dietary 
histidine requirement offish may also be because of methodological bias imposed by 
experimental design and conditions such as the model used to estimate the 
requirements (Dairiki et al., 2007; Montes-Girao and Fracalossi, 2006), the nature of 
the protein sources of test diets, the reference protein whose amino acid pattern is 
being emulated (Forster and Ogata, 1998), fish size, culture protocols and different 
overall levels of performance by the fish (Bureau and Encarna9ao, 2006; Hansen et 
al.,2011). 
Carcass quality is the most important issue for aquaculturists as it influences 
the yield of final product. Therefore, research has largely been focused on the means 
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to improve the carcass quality and the efficiency of nutrient utilization for muscle 
growth. Since a major and most important component of tissue is protein, priority is 
given to increase the quantity and improve the tissue quality of protein. Because 
histidine and its related imidazole derivatives confer desirable taste and texture, 
dietary supplementation of histidine can improve sensory attributes such as flavor of 
the aquacultured seafoods (Ogata, 2002). Additionally, Forde-Skjservik et al., (2006) 
reported that dietary supplementation of histidine increases intramuscular histidine 
levels and pH, while reducing muscle gapping in Atlantic cod post-mortem. This, in 
turn, contributes to a higher quality fillet. In this study, crude protein content of fish 
body was significantly higher in fish offered H4 diet than in fish offered diets with 
lower (Hi, H2 and H3) and higher (H5 and He) histidine contents. Body fat content 
showed a significant declining trend (P<0.05) with the increase in dietary histidine 
from Hi to H4. However, it showed an insignificant decline (P>0.05) in fish fed H5 
and He diets. This significant reduction in body fat content up to H4 diet may be 
related to enhanced protein gain as a result of balanced amino acid profile in fish fed 
dietary histidine at 9.4 g kg"'. Several studies have also demonstrated that inclusion of 
dietary essential amino acid as per the requirement of the species reduces carcass lipid 
content (Cheng et al., 2003; Sardar et al., 2009). The results of this study are in line 
with the above reported results. 
Protein synthesis and deposition are known to be most efficient when all the 
required amino acids are present simultaneously at the synthesis sites (Cho and 
Kaushik, 1990; Ng et al., 1996). An imbalanced dietary amino acid profile may 
induce released amino acids to be oxidized instead of being channeled for body 
protein synthesis. Protein gain in this study was much higher in the 9.4 g kg" histidine 
treatment (H4) which remains almost same in fish fed dietary histidine at 10.8 g kg"'. 
Inferior values of PG g fish"' day"' obtained for the group fed 12.4 g kg"' of dietary 
histidine (He) also indicates that the histidine at this high concentration (He) was 
being catabolized and less was utilized for growth. The weight loss in fingerling 
Singhi fed higher dietary histidine at 12.4 g kg"' may also be attributed to inadequate 
utilization of dietary protein as metabolic fuel to get rid of the excessive nitrogenous 
excretory products due to amino acid catabolism rather than anabolism. 
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Study of amino acid retention is important in determining amino acid requirement. 
Gradient increase in dietary histidine content resulted in a quadratic response in 
histidine retention in Singhi, which was 51.5% when fed with 9.4 g kg'' dietary 
histidine. No significant improvement in histidine retention in Singhi was evident in 
fish fed dietary histidine concentration at 10.8 g kg' (H5). However, further increase 
of histidine at 12.4 g kg'' of the dry diet (He) resulted to significant decline in 
histidine retention in fingerling Singhi. Chatzifotis et al. (1996) and Pratoomyot et al. 
(2010) reported that the disproportionate amounts of dietary amino acids are 
catabolized and deaminated to provide the carbon skeletons used in lipid synthesis 
and deposited as tissue lipid which is also evidenced by increased HSI and VSI in fish 
fed diet higher dietary intake of histidine (Table 4). 
The HSI is often used as an indicator of condition and nutritional status of 
fish. Brown et al. (1992) suggested that HSI and VS) reflect the proportional 
accumulation of energy in the liver and viscera both, and it has been widely 
acknowledged that feeding diets deficient in amino acid results in excess energy 
deposition as fat in the liver, fillet or abdominal cavity. The relative liver size 
expressed as hepatosomatic index (HSI) was 1.11% for fish fed histidine at 9.4 g kg'' 
which was significantly lower than that obtained for the fish fed Hi, H2, H5 and He 
indicating that feeding histidine deficient and excess diets results in energy deposition 
as fat which is evident in present study (Table 4). However, the VSI remained almost 
same in response to varying concentrations of dietary histidine in fingerling H. 
fossilis. The condition factor is a good indicator of the general well-being or fitness of 
the animal (Bolger and Connolly, 1989). A continuous improvement in the CF of 
fingerling H. fossilis was evident in response to dietary hisHdine intake up to 9.4 g kg" 
' of the diet beyond which a decline was recorded indicating that the hisfidine 
concentration at 10.8 and 12.4 g kg'' of the diet stressed the fish. 
The hematological status of fanned fish is an integral part in evaluating their 
health in response to dietary restriction of an essential nutrient. Hematological 
responses such as Hb, Hct and RBCs showed a consistent improvement with increase 
in dietary histidine intake up to 9.4 g kg'' of the dry diet beyond which no significant 
changes were apparent. However, ESR and EOF showed a significant decline in fish 
41 
fed dietary histidine up to 9.4 g kg"' of the dry diet (H4). ESR in Singhi did not show 
any significant decline with further increase in histidine contents at 10.8 (H5) and 12.4 
g kg"' of the diet (He). In contrast to this, the haemolysis of red blood cells as EOF 
was found to increase significantly in fish fed 10.8 (H5) and 12.4 g histidine kg'' of 
the dry diet (He). Erythrocytes break down was reported to be faster in case of 
improper membrane function (Robbins et al., 1984). In this study, varying levels of 
dietary histidine significantly affected the membrane functions. Erythrocytes 
resistance to haemolysis was found to decrease with increase in histidine 
concentration up to 9.4 g kg"' in hypotonic salt solutions. Increase in the cell wall 
strength with the increase in dietary histidine concentrations may probably be the 
reason for lower susceptibility of erythrocytes in fish fed histidine at 9.4 g kg"'. The 
erythrocytes were more susceptible to osmotic lysis in fish fed diets with either the 
lower (4.9, Hi; 6.3, Haand 8.3, Hag kg"') or higher concentrations of dietary histidine 
at 10.8 (H5)and 12.4 (H6)g kg"'. This increased susceptibility of the erythrocytes to 
osmotic lysis in hypotonic salt solution may also be due to disturbances in the cellular 
milieu of the erythrocyte membrane induced by deficient or excess levels of dietary 
histidine intake which might have affected the membrane stability. High levels of 
histidine in fish fed diets H5 and He may also interact with membrane bound protein 
and lipid bilayers thus causing alterations in membrane integrity and hence affecting 
the cell wall strength. 
Results of this study clearly indicate that dietary histidine levels affect the 
growth, feed conversion, protein gdin and histidine retention. On the basis of 
quadratic regression analysis of AWG g fish"', FCR, PG g fish"' day"' and HR%, it is 
recommended that the inclusion of dietary histidine at 9.4 g kg"' of dry diet, 
corresponding to 24.8 g kg"' of the protein is optimum for rapid growth, maximizing 
feed conversion, protein gain and histidine retention of fingerling H. fossilis. Data 
generated in this study may be utilized in formulafing histidine-balanced, cost-
effective and practical feeds for the intensive culture of fingerling Singhi. 
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SUMMARY 
Heteropmustes fossilis is distributed in most of the Southeast Asian countries. It is a 
promising species for aquaculture due to its high protein and iron content, ability to 
withstand shifts in salinity and temperature, survival in oxygen depleted water. In 
view of the above, this study was undertaken to evaluate the effects of varying levels 
of dietary L-histidine on growth, protein gain, histidine retention, hematological and 
body composition of this fish so as to optimize the inclusion of histidine in its 
commercial feeds. Casein-gelatin based isonitrogenous (380 g kg"' CP) and isocaloric 
(17.9 MJ kg' GE; 15.3 MJ kg'' DE) amino acid diets with six different L-histidine 
levels (5.0, H,; 6.5, H2; 8.0. H3; 9.5, H4; 11.0, H5; 12.5 g kg'dry diet Hg) were fed to 
quadruplicate groups of tlngerling Singhi (6.6±0.2g) twice daily at 07:00 and 17:30 h 
to apparent satiation for 8 week. Feeding trial was conducted in a flow-through 
system (1-1.5 L min"') at 28°C water temperature. Growth, feed conversion, protein 
gain and histidine retention of fingerling Singhi were found to increase significantly 
with the quantitative increase in dietary histidine from 5.0 (Hi) to 9.5 g kg"' diet (H4). 
Hepatosomatic index, condition factor, hematocrit and hemoglobin were significantly 
affected in fingerling Singhi fed different concentrations of histidine and were also 
found to be best in fish fed diet H4. Quadratic regression analysis of the above 
parameters at 95% maximum and minimum plateau indicated that inclusion of 
histidine at 9.4 g kg"' of the dry diet, corresponding to 24.8 g kg"' dietary protein is 
optimum in formulating histidine-balanced. cost-effective, commercial feeds for 
intensive culture of Singhi. 
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CHAPTER 2 
DIETARY L-LYSINE REQUIREMENT OF FINGERLING 
STINGING CATFISH, HETEROPNEUSTES FOSSILIS (BLOCH) 
FOR OPTIMIZING GROWTH, FEED CONl^ERSION, PROTEEV 
AND LYSINE DEPOSITION 
* Published in "Aiimuulturc Research" 2013, 44, 523-533 (liluckwcU publications) 
INTRODUCTION 
Lysine is one of the first limiting amino acids in a variety of feedstuffs fed to different 
animals. It is of particular concern because this amino acid is found in highest 
concentration in the carcass of the fish species (Wilson & Poe 1985; Kim & Lall 
2000). It is rapidly utilized by the intestine for protein synthesis (Deng, Zhang, Tao, 
Bi, Kong & Lei 2010) and other metabolic processes (Stoll, Henry, Reeds, Yu, Jahoor 
& Burrin 1998) compared to other amino acids. Although lysine has been considered 
to be the least toxic amino acid (Sauberlich 1961), excessive levels of dietary lysine 
have been shown to cause growth depression in various fish species (Mai, Zhang, Ai, 
Duan, Zhang, Li, Wan & Liufu 2006; Zhou, Wu, Chi & Yang 2007a; Bicudo, Sado & 
Cyrino 2009). In view of its dietary significance, several studies have been conducted 
in the past to determine the lysine requirements of cultivable fish species (Kim, Kayes 
& Amundson 1992; Small & Soares 2000; Luo, Liu, Mai, Tian, Tan, Yang, Liang <& 
Liu 2006; Mai et al. 2006; Yang, Liu, Tian, Liang & Lin 2010). 
Heteropnemtes fossilis, the fish under study is an important aquaculture 
species due to its very high protein, iron and low fat content (Bhatt 1968). Although 
data on some aspects of nutritional requirements oiH. fossilis are available (Niamat & 
Jafri 1984; Singh & Srivastava 1984; Akand, Hasan & Habib 1991; Jhingran 1991; 
Anwar & Jafri 1992; Firdaus 1993; Firdaus, Jafri & Rahman 1994; Firdaus & Jafri 
1996; Mohamed 2001; Mohamed & Ibrahim 2001; Firdaus, Jafri & Khan 2002; 
Usmani & Jafri 2002; Usmani, Jafri & Khan 2003; Siddiqui & Khan 2009), excepting 
dietary arginine requirement of fry H. fossilis (Khan & Abidi 2011a), no published 
information is available on dietary lysine requirements of fingerling H. fossilis 
hampering efforts in developing lysine-balanced practical feeds. In view of above, 
this study is aimed at determining optimum dietary lysine requirement for optimizing 
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growth, feed conversion, protein deposition and lysine deposition in fingerlings H. 
fossilis. 
MATERIALS AND METHODS 
Preparation of experimental diets 
Method of preparation of experimental diets has been described under the General 
Methodology section (page 12-13). Incremental concentrations of L-lysine were used 
to provide six levels of dietary lysine as 1.50. 1.75, 2.0, 2.25, 2.50 and 3.0% of dry 
diet (Tablel). Level of arginine in the diet was fixed at 2.15%, reported optimum for 
this fish (Khan & Abidi 201 la). Diets were analyzed for L-lysine levels with the help 
of an automated Amino Acid Analyzer (Hitachi L-8800, Tokyo, Japan) and the data 
of this analysis have been provided in Table 2. Levels of dietary lysine were adjusted 
on the basis of information available on other warmwater catfish species (Fagbenro, 
Balogun, Bello-Olusoji & Fasakin 1998). Diets were numbered as Dl, D2, D3, D4, 
D5 and D6. 
Experimental design and feeding trial 
Source offish, their acclimation, and details of general experimental design have been 
described under General Methodology section (page 9). 
Fingerling H. fossilis (6.96±0.05 g; 10.30±0.17 cm) were taken from the 
above-acclimated fish lot and stocked at the rate of 12 fish per trough for each dietary 
treatment level in triplicate groups in 70-L circular polyvinyl troughs (water volume 
55 L) fitted with a continuous water flow-through (1-1.5 L min"') system. Fish were 
fed test diets in the form of semi-moist cakes (24% moisture) to apparent satiation 
twice daily at 08:00 and 17:00 hours. Initial and weekly weights were recorded on a 
top-loading balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, Zurich, 
Switzerland). Fish were deprived of feed on the day of weekly measurements. The 
feeding trial lasted for 12 weeks (72 feeding days). Faecal matter, if any, was 
siphoned off before every feeding. The unconsumed feed was collected soon after 
active feeding, dried and weighed to measure the actual amount of dry feed consumed 
for accuracy in FCR calculation. 
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Water quality parameters 
Water quality parameters were recorded following standard methods (APHA 1992) as 
per details given under General Methodology section (page 14). The average water 
temperature, dissolved oxygen, free carbon dioxide, pH and total alkalinity based on 
daily measurements were 27.5-28°C, 6.7-7.1 mg L"', 5.5-10.7 mg L"', 7.5-7.8 and 
65.7-80.5 mg L"', respectively. A daily photoperiod of 12 h L: 12h D was maintained. 
Chemical analyses 
Proximate composition of casein, gelatin, experimental diets, and initial and final 
body composition was estimated using standard methods (AOAC 1995) as described 
on page 18-23 of the General Methodology section. Amino acid analysis of casein, 
gelatin, initial and final fish body and experimental diets was done as per the method 
described under General Methodology section (page 23-24). 
Six subsamples of a pooled sample of 30 fish were analyzed for initial body 
composition. Three fish per trough (n=3x3) were weighed individually and body 
length was measured, the liver and viscera was weighed for the calculation of 
condition factor (CF), hepatosomatic (HSl) and viscerosomatic index (VSI) as per the 
methods detailed under General Methodology section (page ). At the end of the 
experiment, six specimens from each replicate of dietary treatments were pooled 
separately and 3 subsamples of each replicate from the pooled sample (n=3x3) were 
analyzed for final carcass composition. 
Data analysis 
Calculation of various growth parameters was made according to the standard 
definitions as described under General Methodology section (page 25-27). 
Statistical analyses 
Data were statistically analyzed as per the standard methods given under General 
Methodology section (page 27). 
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RESULTS \ < \ : ^/i 
Growth performance "'-"^^'^/'^ ''!21'^ *«**^ '^  
Excellent performance in terms of absolute weight gain (AWG; g fish"), feed 
conversion ratio (FCR), protein deposition (PD; g fish"') and lysine deposition (LD; g 
fish"') were observed for the groups fed dietary lysine at 2.01 and 2.27% of the diet 
(Table 3). The above response criteria when subjected to broken-line regression 
analysis, exhibited the lysine requirement at 2.0, 1.98, 2.01 and 2.03% dry diets, 
corresponding to 5.26, 5.21, 5.28 and 5.34% protein (Fig. 1 & 2). The linear equations 
employed to establish the relationship were; Li Y-81.02985+70.14925X; X<1,98%, 
R^=0.996, Lj Y=79.76249-9.7833X; X>1.98% (AWG g fish"'); L,; Y=10.70144-
4.6322X; X<2.0%, R^=0.972, L-/, Y -0.97586+0.29199X; X>2.0% (FCR); L,; Y=-
0.47351+0.38006X; X<2.01%, R^-0.999, L2; Y=0.341441-0.02679X; X>2.01% (PD 
g fish"') and L,: Y=-0.8047+10.7985X; X<2.03%, R^=0.997, L2; Y=l.02703-
0.10566X; X>2.03% (LD g fish"'), respectively. 
However, the second-degree polynomial regression analysis of the above data 
at 95% maximum response; projected that these response variables were best attained 
at 2.19%, 2.29%, 2.26% and 2.29% lysine of the dry diet, corresponding to 5.76%, 
6.03%, 5.95% and 6.03% protein (Fig. 3 & 4). The second-order regression equations 
employed to calculate the respective response variables were Y95o/„ma,;= -
35.83895X^+177.94078X-1,59.72, R^=0.897 for AWG; g fish"' ; Y95o/„niax=2.14627X'-
10.87737X+15.02331. R^=0.846 for FCR; Y95o/„n,ax= -16.94278XV86.67341X-
80.71689, R ' - 0 . 8 8 8 for PD; g fish"' and Y95«/„m,«= -39.14691X^+196.51741X-
164.4236. R N . 8 8 2 for LD; g fish"', respectively. 
Based on the above mathematical analyses, lysine requirement of fingerling H. 
fossilis ranged between 2.0 to 2.3% of the dry diet, corresponding to 5.3 to 6.1% 
protein. 
Somatic indices (HSI, VSI, CF) 
Fish receiving dietary lysine at 1.51% of the diet exhibited maximum value for 
hepatosomatic index (HSI), It decreased with the increased in the dietary lysine 
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content up to 2.01% of the diet and remained almost unchanged for the groups 
receiving dietary lysine at 2.27% of the diet. Moreover, it increased further in fish fed 
diets with still higher levels of dietary lysine at 2.53 and 3.11% of the diet. Similarly, 
condition factor (CF) was lowest (1.3) in fish fed 1.51%) dietary lysine which 
improved considerably with the increase in dietary lysine up to 2.0 l%o of the diet. The 
CF did not improve at 2.27% lysine in diet. However, it declined for the groups 
receiving dietary lysine at 2.53%) and 3.11%. VSI remained almost unaltered among 
the treatments (Table 3). 
Carcass composition 
Varying levels of dietary lysine had considerable influence on carcass composition 
(Table 4). A corresponding increase in carcass protein content was noted which 
peaked at a dietary lysine of 2.01% of the diet. Body moisture content showed a 
positive correlation with the increase in dietary lysine ievels while fat content was 
negatively correlated with it. Body ash content decreased with increase in dietary 
lysine levels up to 2.01% of the diet beyond which no substantial differences in ash 
content offish were evident. 
DISCUSSION 
The growth performance in terms of AWG; g fish"', FCR, PD; g fish"' and LD; g fish"' 
of fingerling H. fossilis reached a plateau for the groups receiving lysine from 2.01% 
to 2.27%) of the dry diet and then slightly decreased in response to feeding excess 
dietary lysine (3.1 \%). The above data were subjected to regression analysis as it is 
generally accepted as a preferred statistical tool to determine the dietary nutrient 
requirement in dose-response feeding experiments. Despite being widely used in 
numerous requirement studies, broken-line regression analysis frequently 
underestimates the requirement (Shearer 2000, Encarna9ao, de Lange, Rodehutscord, 
Hoehler, Bureau & Bureau 2004). Therefore, we have applied both broken-line and 
the polynomial regression models to estimate the dietary lysine requirement of 
fingerling H. fossilis. However, instead of taking maximum response in second-
degree polynomial regression analysis, we have taken 95%o of the maximal quadratic 
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plateau (Baker 1986) to determine the dietary lysine requirement of fmgerling H. 
fossilis. 
The broken-line and second-degree polynomial fitting of growth, feed 
conversion, protein and lysine deposition against analyzed dietary lysine levels ranged 
between 2.0% to 2.3% of the dry diet. The difference in lysine requirements by the 
two models being 1.98-2.03% for broken-line and 2.19-2.29% for polynomial, 
respectively. The lysine requirement determined in this study is almost similar that 
reported for rainbow trout, Oncorhynchus mykiss 2.1%, 1.9%, 1.9%, 2.16%, 1.74-
2.23% and 2.0% (Ogino 1980; Walton, Cowey. Coloso & Adron 1984; Walton, 
Cowey & Adron 1986; Lanari, Tibaldi, Ballestrazzi, Tulli & Ministerio dell' 
Agricoltura e Foreste 1991; Encarna9ao ei al. 2004 and Bodin, Tran, Detavernier, De 
Saeger, Larondelle & Rollin 2006), Striped bass, Morone saxatilis 2.1% (Small & 
Scares 2000), African catfish, Clarias gariepinus 2.3% (Fagbenro et al. 1998), Red 
sea bream, Pagrus major 2.15% (Forster & Ogata 1998), Atlantic salmon, Salmo 
salar 2.39% (Rollin, Mambrini, Abboudi. Larondelle & Kaushik 2003), gilthead 
seabream, Sparus aurata 2.15% (Marcouli, Alexis & Andriopoulou 2006), Pacific 
threadfin, Polydactylus sexfilis 1.79% (Deng et al. 2010), considerably lower than the 
requirement for rainbow trout, 0. mykiss 2.87% and 2.77% (Ketola 1983; 
Rodehutscord, Becker, Pack & Pfeffer 1997), grouper, Epinephelus coioides 2.8% 
(Luo et al. 2006), Japanese sea bass, Lateolabrax japonicus 2.49-2.61% (Mai et al. 
2006), Large yellow croaker, Pseudosciaena crocea 2.5% (Zhang, Ai, Mai, Tan, Li & 
Zhang 2008), black sea bream, Sparus macrocephalus 3.3% (Zhou et al. 2010) and 
slightly higher than the requirement reported for Channel catfish, Ictalurus punctatus 
1.5% (Robinson, Wilson & Poe 1980), hybrid striped bass, Morone saxatilis x M. 
chrysops 1.4% (Griffin, Brown & Grant 1992), rainbow trout, 0. mykiss 1.3%, 1.75%, 
and 1.7% (Kim et al. 1992; Pfeffer, Al-Sabty & Haverkamp 1992; Bodin, Govaerts, 
Abboudi, Detavernier, De Saeger, Larondelle & Rollin 2009), yellowtail, Seriola 
quinquiradiata 1.66% of the dry diet (Ruchimat, Masumoto, Hosokawa, Itoh & 
Shimeno 1997a). 
Depressed growth and lower feed conversion were more commonly noted in 
H. fossilis receiving dietary lysine below and above 2.01% dry diet. Studies by 
Halver, Delong & Mertz (1958) and Dupree & Halver (1970) also demonstrated that 
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lysine-deficient diets when fed to chinook salmon and channel catfish caused poor 
growth. In this study, weight gain increased with increase in lysine up to 2.01% of the 
dry diet, remained almost unaltered at next higher level (2.27%). Further inclusion of 
dietary lysine at 2.53% and 3.11%) resulted in growth retardation. Reduction in growth 
at higher levels of dietary lysine (2.53% and 3.1.1%o) could not be attributed to the 
toxicity of excessive dietary lysine as this amino acid has been considered to be least 
toxic amino acid (Sauberlich 1961). Albeit, this grovth depression was probably due 
to the reduction in feed intake at deficient or excess (1.51% and 3.11%)) of dietary 
lysine. All the amino acid test diets were completely consumed by the fish excepting 
for the groups fed diets containing 1.51%) and 3.11%) lysine where comparatively 
lower feed intake was noted. It has been reported that deficiencies or excesses of 
amino acids may decrease the diet's palatability (Murthy & Varghese 1998; Higuera 
2001), which may be the reasons for the reduction in feed intake in fish fed at 1.51% 
and 3.11%) lysine of the dry diet. 
Significant differences in carcass composifion of fingerling H. fossilis were 
noted in response to varying dietary lysine levels. Fish fed with 2.01%) lysine of the 
dry diet showed considerably higher carcass protein compared to those fed on lower 
levels of lysine at 1.51% and 1.77% of the diet. This trend of increase in protein 
deposifion and muscle gain, and reduction in carcass fat in response to required 
dietary lysine intake has also been reported for various other cultivable fish species 
(Luo et al. 2006). Highest whole body fat was noted in fish fed lowest level of lysine 
at 1.51%) of the diet which was found to decrease with increasing dietary lysine levels. 
Similar pattern of body fat has also been reported in rainbow trout, O. mykiss 
(Rodehutscord, Borchert, Gregus, Pack & Pfeffer 2000), juvenile grouper, E. coioides 
(Luo et al. 2006), rohu, Labeo rohita (Keshavanath & Renuka 1998), Atlantic salmon, 
S. salar (Ji, Bradley & Tremblay 1996), black sea bream, S. macrocephalus (Ma. Xu, 
Shao, Xu, Hung, Hu & Zhuo 2007) and channel catfish, /. punctatus (Robinson 1991; 
Munsiri & Lovell 1993). Lysine is active in promoting the transport of long-chain 
fatty acids across the inner mitochondrial membrane, resulting in extra energy from |3-
oxidation (Tanphaichitr, Home & Broquist 1971). However, dietary lysine deficiency 
suppresses the oxidation of these fatty acids, thereby increasing their availability or 
esterification to triacylglycerol and deposition in the various lipid storage fissues. 
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Therefore, fish fed lowest level of dietary lysine accumulated highest body fat. Excess 
dietary lysine promotes p-oxidation resulting in depletion of body fat and hence with 
the increase in dietary lysine levels, decreases body fat as evident in this study is 
possible. The decreased lysine retention at surfeit levels of dietary lysine might also 
develop due to diminishing returns in a dose-response approach in which efficiency 
decreases as the growth response approaches the maximum (Finke, DeFoliart & 
Benevenga 1987; Gahl, Finke, Crenshaw & Benevenga 1991). 
Fish fed lowest level of lysine at 1.51% of the diet had highest value for 
HS1%. An increased HSI% was also observed when Atlantic salmon was fed too low 
levels of lysine (Espe, Lemme, Petri & El-Mowafi 2007) or methionine (Espe,, 
Hevroy, Liaset, Lemme & El-Mowafi 2008). This negative correlation between HSI 
and dietary lysine concentrations was also reported for European sea bass (Tibaldi, 
Tulli & Lanari 1994) and gilthead sea bream (Marcouli et al. 2006). Probably due to 
deficiencies of dietary lysine for protein synthesis in fish fed diets with lower levels of 
dietary lysine at 1.51% and 1.77% of dry diet, the dietary amino acids used to deposit 
muscle protein might have been converted to the lipid or glycogen storage, and they 
consequently might have contributed to the decrease in CF and increase in HSI%. 
Some reports have also suggested that the liver lipid content of fish was negatively 
correlated with dietary lysine levels (Luo et al. 2006; Zhou et al. 2010). in this study 
as well, H. fossilis fed low dietary lysine deficient diets tended to have higher liver 
lipid content resulting to higher HSI% value. However, VSl showed almost no change 
in response to varying levels of dietary lysine. 
Since protein deposition or lysine deposition is considered as the best response 
criteria for amino acid requirement studies in aquatic as well as terrestrial animals 
(Cho 1992; Morris, Gous & Fisher 1999). the dietary lysine requirement in this study 
is also based on the mathematical analyses of protein deposition and lysine deposition 
data. Protein deposition decreased in fingerling H. fossilis fed at lower levels of lysine 
(1.51% and 1.77% of the diet), which is similar to the results reported for turbot by 
Peres & Oliva-Teles (2008) who also pointed out that lysine deficiency limited 
protein synthesis. Protein deposition increased in response to increase in the dietary 
lysine levels and a plateau was attained in fish fed super-optimum level of lysine (> 
2.01%) at 2.27% of the dry diet. Lysine deposition of fingerling H. fossilis was also 
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affected by dietary lysine levels and maximum lysine deposition (0.80 g fish") was 
recorded at 2.01% lysine of the dry diet which remained almost unchanged for the 
groups receiving dietary lysine at 2.27% whereas lysine deposition declined 
appreciably beyond this for the groups fed 2.53%) and 3.11% lysine of the dry diet. 
This has also been reported in rainbow trout (Rodehutscord et al. 1997; Encarna9ao et 
al. 2004). Diminished lysine deposition with increase in dietary lysine levels is indeed 
expected due to a reduction of lysine absorption rate or increased metabolic utilization 
or both. This may also be the reason for the reduction in lysine deposition in 
fingerling H. fossilis fed at excess dietary lysine (3.11%) of the dry diet). 
Based on the mathematical analyses of AWG g fish"', FCR, PD g fish"' and 
LD g fish"' data, lysine requirement of fingerling H. fossilis is recommended to range 
between 2.0%) to 2.3% of the dry diet. Information generated in this study would be 
useful in developing lysine-balanced, least-cost diet formulations for H. fossilis. 
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SUMMARY 
Dietary lysine requirement of fingerling Heteropneustes fossilis (6.96±0.05g) was 
quantified by conducting 12-week feeding trial in a flow-through system at 28°C. 
Casein-gelatin based isonitrogenous (38% CP) and isocaloric (14.7 kJ g"' DE) amino 
acid test diets with six levels of dietary lysine (1.5, 1.75, 2.0, 2.25. 2.5, 3.0% dry diet) 
were fed to apparent satiation in triplicates. Broken-line and second-degree 
polynomial regression analyses at 95%) plateau of absolute weight gain (AWG; g fish' 
'), feed conversion ratio (FCR), protein deposition (PD; g fish"') and lysine deposition 
(LD; g fish"') exhibited lysine requirement between 2.0-2.3%) of the dry diet, 
corresponding to 5.3-6.1% protein. 
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Fig. 1. Broken-line regression analyses of absolute weight gain (AWG; g fish"') and feed 
conversion ratio (FCR) against varying levels of dietary lysine. Each point represents the 
mean of triplicate groups offish (n= 3x3). 
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CHAPTER 3 
EFFECTS OF DIETARY ARGEVINE LEVELS ON GROWTH, FEED 
CONVERSION, PROTEIN PRODUCTIVE VALUE AND CARCASS 
COMPOSITION OF STINGING CATFISH FINGERLING 
HETEROPNEUSTES FOSSILIS (BLOCH) 
"Published in "Aquaculture International" 2012, 20. 935-950 (Springerpublications) 
INTRODUCTION 
Dietary protein is the major and most expensive component of formulated aquafeeds 
(Wilson 2002), affecting growth performance, feed costs and nitrogen pollution 
(Small and Soares 1998; Gaylord and Barrows 2009). Amino acids are the building 
blocks of protein and play important and versatile roles in fish nutrition and 
metabolism. The ten essential amino acids are responsible for a vast array of 
metabolic, physiological and therapeutic effects in fish body. Feed intake, weight 
gain, feed conversion ratios and other more subtle biological responses may not be 
optimized when fish are fed inappropriate level of dietary essential amino acids (Hart 
et al, 2010). Additionally, feeding excess concentrations of essential amino acids 
results in increased ammonia excretion and degrades water quality (Yang et al. 2002). 
Since these essential amino acids must be obtained from the diet, an overabundance or 
deficiency of any of the essential amino acid may have severe pathological 
consequences. Lack of quantified requirements of individual amino acid for the 
species poses challenges for emerging aquaculture aquafeeds. Among these essential 
amino acids, L-arginine is a nutritionally important amino acid and plays multiple 
physiological functions in animals (Jobgen et al. 2006; Mateo et al. 2007). One of 
these functions is to improve carcass quality as this amino acid increases the anti-
oxidative capacity, reduce super-oxide release and ameliorate lipid peroxidation (Galli 
2007; Petrovic et al. 2008). It is metabolized to nitric oxide, proline, glutamine and 
polyamines, which have high biological importance (Liao et al. 2008). Experimental 
evidences support that arginine plays a central role in regulating the partitioning of 
dietary energy in favour of muscle protein accretion and reduces fat in aquatic as well 
as terrestrial animals (Fu et al. 2005; Wu et al. 2007; Wu et al. 2008). Fish have 
particularly high requirements for dietary arginine due to its abundance in protein and 
tissue fluids and its limited or completely absent de novo synthesis in fish (Li et al. 
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2009). Furthermore, arginine affects the release of growth hormones and induces 
immune resistance (Lall et al. 1994). 
Knowledge of dietary arginine inclusion for the cultivable species is also of 
paramount importance in order to formulate arginine-balanced quality feeds. Since 
most of the plant protein sources are usually deficient in one or more essential amino 
acids, essential amino acid imbalances may occur when these ingredients are used in 
diet formulation (Clarke and Wiseman 2000; Hardy and Barrows 2002). The efficient 
use of such arginine-limiting protein sources in fish feeds will depend on an accurate 
estimation of dietary arginine level required by the fish. Therefore, data on this issue 
are particularly important for the correct inclusion of alternative protein sources to 
fishmeal. Also, this information may also be used in ingredient replacement strategy 
to reduce the actual dependency on fishmeal for aquacultural feeds. 
Catfishes have high nutritive value. Among them Heteropneustes fossilis. the 
fish under study, commonly known as singhi, is an important carnivorous catfish 
species and can be easily cultured in adverse environmental conditions. Despite 
various nutritional and cultural significance of this fish as menfioned under General 
Introduction section (page 6-8), its nutritional information has received very little 
attention. Information on complete 10 essential amino acid requirements has been 
established for most of the cultivable finfish species (Halver 2002; NRC 2011). 
Dietary arginine and lysine requirement for fry stage of this fish has been established 
(Khan and Abidi 2011a, b). Excepfing the information on lysine requirement for 
fingerling H. fossilis (Farhat and Khan 2013a), no information is available on any of 
the essential amino acid requirement of fingerling H. fossilis. The fish fed the 
practical feeds that are routinely formulated on the basis of crude protein. Even 
though the fish requires amino acids as per its needs and not crude protein per se, its 
diet is generally formulated on the basis of the essential amino acid requirements of 
other warmwater fish species. The present study was, therefore, conducted to generate 
data on level of dietary arginine required to optimize growth, feed conversion, protein 
productive value and carcass composition in fingerling H. fossilis. 
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MATERIALS AND METHODS 
Preparation of experimental diets 
Diets with six levels of dietary arginine (1.00, 1.25, 1.50, 1.75, 2.00, 2.25 g lOOg"' of 
dry diet) were prepared and designated as Dl, D2, D3, D4, D5 and D6. Method of 
preparation of experimental diets has been described under General Methodology 
section (page 12-13). Amino acid analysis of diets revealed the arginine content to be 
1.11, 1.27, 1.49, 1.76, 2.04 and 2.27 g lOOg"' of dry diet (Table 1). Amino acid profde 
of basal diet (Dl) is given in Table 2. Lysine was added to the diets as per the 
requirement determined for fingerling H. fossilis in this laboratory by Farhat and 
Khan (2013a). 
Water stability of the diet 
Water stability of the amino acid test diets was assessed as per the method described 
under General Methodology section (page 14). It revealed that the prepared amino 
acid test diets were 97% water stable. 
Experimental design and feeding trial 
Source of fish, their acclimation, and details of experimental design have been 
described under General Methodology section (page 9). 
H. fossilis fingerling (5.87±0.07g mean body weight; 10.ri±0.14cm mean 
body length) were taken from the above-acclimated fish lot and stocked at the rate of 
20 fish per tank for each dietary treatment level in triplicate groups (n=3x20) in 70-L 
circular polyvinyl tanks (water volume 55 L) fitted with a continuous water flow-
through system (1-1.5 L min"'). Fish were fed test diets in the form of semi-moist 
cakes to apparent satiation twice daily at 08:00 and 17:30h. Initial and weekly weights 
were recorded on a top-loading balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon 
AG, Zurich, Switzerland). Fish were deprived of feed on the day of weekly 
measurements. The feeding trial lasted for 12 weeks (72 feeding days). Faecal matter 
was siphoned off before every feeding. The unconsumed feed was collected soon after 
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active feeding, dried and reweighed to measure the actual amount of dry feed 
consumed for accuracy in FCR calculation. 
Water quality parameters 
Water quality parameters were recorded following standard methods (APHA 1992) 
which are detailed under the General Methodology section (page 14). The average 
water temperature, dissolved oxygen, free carbon dioxide, pH and total alkalinity 
based on daily measurements were 27-28°C, 6.6-7.3 mg L"', 5.2-10.4 mg L"', 7.4-7.7 
and 64.7-80.9 mg L"' respectively. 
Sample collection 
At the end of the 12-week feeding trial, fish were fasted 24 h before they were batch 
weighed. Four tlsh from each replicate of the treatment (n=3x4) were anesthetized 
with MS-222 (100 ug mL'') before taking the body measurements. Weights offish, 
liver, viscera and total length of the fish body were determined by blotting on filter 
paper before weighing. The values were used to calculate HSI, VSI and CF as per the 
definitions given under General Methodology section (page 27). Six subsamples of a 
pooled sample of 30 fishes were analysed for initial body composition. At the end of 
the experiment, 6 fishes from each replicate of dietary treatments were pooled 
separately and 3 subsamples of each replicate from the pooled sample (n=3x3) were 
analysed for final whole body composition. 
Chemical analyses 
Proximate composition of casein, gelatin, experimental diets, and initial and final 
body composition was estimated using standard methods (AOAC 1995) as detailed in 
General Methodology section (page 18-23). Amino acid analysis of casein, gelatin, 
experimental diets, initial and final fish body was done as per the method described 
under General Methodology section (page 23-24). 
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Evaluation of growth parameters 
Calculations of various growth parameters were made according to the standard 
definitions as described under General Methodology section (page 25-27). 
Statistical analyses 
Data were statistically analysed as per the standard methods given under General 
Methodology section (page 27). 
RESULTS 
Weight gain, thermal growth coefficient (TGC), feed intake (FI), feed conversion 
(FCR), protein productive value (PPV) and per cent survival of the fingerling over 72 
days feeding in response to varying levels of dietary arginine are given in Table 3. All 
diets were well accepted by the fish and, excepting the groups fed diet Dl and D2, no 
significant differences in feed intake were found during the length of the feeding trial. 
Second-degree polynomial regression analysis was performed for TGC, FCR and 
PPV data. Second-degree polynomial regression analysis of TGC (Ygso/.m^ x) against 
dietary arginine (X), predicted maximum TGC to be at 1.58 g arginine lOOg"' of dry 
diet (Fig. 1) and for FCR, lowest value of FCR95% mm v^ /as found to be at 1.64 g 
arginine lOOg"' of dry diet (Fig. 2). Similarly, when PPV (Ygjo/.max) was regressed 
against dietary arginine (X), maximum PPV was obtained at the dietary arginine of 
1.66 g lOOg"' of dry diet. The graph penaining to this has been depicted in (Fig. 3). 
The polynomial equations used to establish these relationships have been given in the 
respective figures. 
Carcass composition 
Data pertaining to carcass composition of the fingerling have been summarized in 
Table 4. Carcass protein content showed a consistent improvement with the increase 
in dietary arginine levels from 1.11 to 1.76 g lOOg"' of dry diet. Thereafter, carcass 
protein remained almost unchanged for the group receiving dietary arginine at 2.04 g 
lOOg"' of dry diet (D5). However, it declined slightly with still higher arginine in fish 
fed diet D6. Carcass lipid showed a significant decline v/ith the increasing level of 
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dietary arginine up to 1.76 g lOOg"' of dry diet (D4) beyond wiiich it tended to remain 
almost same in fisti fed diet D5 and D6. Moisture showed a positive correlation with 
the increase of dietary arginine at all levels. Body ash content declined significantly 
(P<0.05) with the increased inclusion of arginine in the diets. 
In order to get the information on effects of arginine from carcass quality, data 
related to carcass protein and lipid productive values were also subjected to second-
degree polynomial regression analysis. The polynomial regression analysis of carcass 
protein (¥950/0 max) against varying levels of dietary arginine (X) projected maximum 
carcass protein at 1.51 g arginine lOOg'' of dry diet. Similarly, data pertaining to lipid 
productive value (¥95% max) was regressed against varying levels of dietary arginine. 
maximum LPV g fish"' was observed at 1.51 g arginine lOOg"' of dry diet. 
Somatic indices 
Liver to body weight ratio (HSI%) was significantly affected by varying levels of 
dietary arginine (Table 5). Fish receiving dietary arginine at marginal levels in diets 
Dl and D2 led to a significant increase in HSI% in comparison to those fed adequate 
levels in diets D3 and D4. However, excess of arginine in diets D5 and D6 fed to fish 
resulted in a significant reduction of HSI%. Similarly, condition factor (CF) was 
lowest (0.94) in fish fed diet Dl (1.11 g lOOg'' of dry diet) which improved 
significantly (P<0.05) with the increase in dietary arginine up to 1.76 g lOOg' of dry 
diet (D4), and no improvement at higher levels of dietary arginine (D5 and D6) was 
evident. VSI% remained almost unaltered (P<0.05) among the treatments (Table 5). 
DISCUSSION 
Since arginine determines the efficiency of protein utilization and ultimately fish 
growth, favours protein accretion, reduces fat in aquatic as well as terrestrial animals 
and affects the carcass quality of the fish, it is necessary to determine its optimum 
dietary inclusion level for optimium growth for fingerling H.fossilis. In this study, the 
second-degree polynomial regression analysis was employed as a method to 
determine the optimum level of dietary arginine requirement of fingeriing H.fossilis 
because it describes a curvilinear function with the response variables, reaching a 
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discrete peak determined as 95% maximum from the derivative of the function and 
resulted in extremely high coefficients of determination (R )^ for the response 
variables. Therefore, it proved to be an appropriate description of thermal growth 
coefficient, feed conversion, protein productive value and carcass quality responses to 
varying levels of dietary arginine under the present conditions. 
Based on the above second-degree polynomial regression analysis of TGC, 
FCR, PPV, carcass protein and lipid productive data, the level of dietary arginine that 
maximized growth in H. fossilis ranged between 1.51-1.66 g lOOg"' of dry diet, 
corresponding 3.97-4.37 g lOOg' protein. The arginine requirement obtained in this 
study is similar to the range reported for channel catfish, Ictaluruspunctatus, 4.3 and 
3.3-3.8 (Robinson et al. 1981 and Buentello and Gatlin 2000), African catfish Clarias 
gariepinus, 4.5 (Fagbenro et al. 1999), mozambique tilapia, Oreochromis 
mossambicus, 4.0 (Jackson and Capper 1982), Nile tilapia, Oreochromis niloticus, 4.2 
(Santiago and Love!) 1988), Japanese flounder, Paralichthys olivaceusA.lO (Alam et 
al. 2002). hybrid striped bass. Morone chrysops x M. saxatilis, A A (Griffin et al. 
1994), and sea bass, Dicentrarchus labrca, 3.9 g arginine lOOg'' of dry diet (Tibaldi et 
al. 1994), and considerably lower than the requirement for chum salmon, 
Oncorhynchus keta, 6.5 (Akiyama and Arai 1993), chum salmon, 0. kisutch, 5.3 g 
arginine lOOg"' of dry diet (Klein and Halver 1970). 
Depressed growth, poor feed conversion and protein productive value were 
commonly noted for the groups fed dietary arginine below the requirement level at 
1.11, 1.27 and 1.49 g lOOg"' of dry diet (Dl, D2 and D3). These parameters were 
found to be best at 1.76 g arginine lOOg'' of dry diet. Growth parameters tended to 
remain almost unchanged in response to moderate surplus of dietary arginine at 2.04 g 
lOOg"' of dry diet (D5). However, these response criteria showed a significant decline 
in fish fed diet still higher level of dietary arginine at 2.27 g lOOg'' (D6). Similar 
results were also found in Nile tilapia, Oreochromis niloticus (Santiago and Lovell 
1988), juvenile yellow perch, Perca flavescens (Twibell and Brown 1997) and 
milkfish, Chanos chanos (Borlongan. 1991). The interactions of the two basic amino 
acids, arginine and lysine may become significant under conditions of protein 
underfeeding or overfeeding. Arginine and lysine are diaminomonocarboxylic acids 
and therefore, structurally similar amino acids sharing a common carrier for transport 
across the brush border membrane (Murillo-Gurrea et'al.':2d01) and excess lysine 
interacts with arginine by impairing the utilization of arginine. The level of dietary 
lysine in the amino acid test diets used in this study was fixed as per the requirement 
reported by Farhat and Khan (2013a). Therefore, the slight growth retardation at 
surplus of dietary arginine at 2.27 g lOOg"' of dry diet (D6) in this study may not be 
due to the interactive effects of the two basic amino acids induced by the imbalanced 
concentration of lysine in the diet. The growth retardation in fingerling H.fossilis was 
not much pronounced as observed in higher animals (Harper et al. 1970; Southern and 
Baker 1982). It has been reported that some warmwater fishes better tolerate the 
adverse effects of surplus of dietary arginine (Nose, 1979; Robinson et al. 1981; Tulli 
et al. 2007). The fish under study also appeared to be insensitive to moderate dietary 
excess of arginine at 2.04 g lOOg"' of dry diet (D5), which could not cause growth 
depression and hence almost similar gain in weight was attained by the fish fed above 
diet. The growth retardation at excess of dietary arginine at 2.27 g lOOg"' of dry diet 
(D6) was presumably due to the depressive effect of excess amino acids as reported in 
catla, rainbow trout and milkfish (Ravi and Devaraj 1991; Kaushik and Luquet 1980a; 
Sandago and Lovelll 1988; Borlongan and Coloso 1993). 
Protein deposition is considered as one of the most accurate and sensitive 
parameters because weight gain is not the result of protein retention only but also 
involves fat deposition and consequently may not always be an accurate predictor of 
true growth (Cho et al. 1992; Cowey, 1992; Rodehutscord and Pfeffer 1995; 
Rodehutscord et al. 1997; Tibaldi and Tulli 1999). Hence, in this study parameter 
such as protein productive value was taken into consideration to determine dietary 
arginine requirement more precisely. Carcass protein tended to increase with the 
increase in dietary arginine up to 1.76 g lOOg' of dry diet (D4). However, carcass 
lipid in this study showed consistent decline with the increase in dietary arginine up to 
1.76 g lOOg"' of dry diet (D4). There is growing evidence that arginine regulates the 
metabolism of energy substrates (fatty acids, glucose and amino acids) partly through 
the production of nitric oxide (Jobgen et al. 2006) and therefore, its supplementation 
has been found to reduce fat mass in terrestrial animals (Fu et al. 2005; Wu et al. 
2008) and humans as well (Lucotti et al. 2006). As a signaling molecule, 
physiological levels of nitric oxide stimulate glucose uptake, as well as glucose and 
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fatty-acid oxidation in skeletal n'luscle, heart, liver, and adipose tissue, inhibit the 
synthesis of glucose, glycogen and lipid in target tissues, for example liver and 
adipose tissues, and enhance lipolysis in subcutaneous adipocytes (Jobgen et al. 2006; 
Montanez et al. 2007; Nikolic et al. 2007). Lipid productive value was found to 
increase with increased inclusion of dietary arginine upto 1.49 g lOOg"' of dry diet 
(D3). Further increase in arginine at 1.76 g lOOg"' of dry diet (D4) did not led to any 
significant improvement in LPV g fish"'. Significant decline in LPV g fish"' was noted 
in fish fed 2.04 (D5) and 2.27 g arginine lOOg"' of dry diet (D6) indicating that lipid 
was probably being catabolised to serve as the energy fuel to get rid of the excess 
nitrogenous load from the body at these levels of dietary arginine inclusion. 
Arginine aids in liver detoxification and prevents the liver disorders such as 
hepatic cirrhosis and fatty liver degeneration (Balch et al. 1997; Braverman, 1997). 
Since it is involved in the production of a variety of enzymes and hormones for this, 
the net effect of its deficiency on liver is manifested as its enlargement. In this study 
as well, fingerling H.fossilis fed sub- optimum levels of dietary arginine at 1.11 (Dl) 
and 1.27 g lOOg"' of dry diet (D2) exhibited highest value for HS!. However, VSI 
showed almost no change in response to varying levels of dietary arginine. Inclusion 
of dietary arginine at 1.49 (D3) and 1.76 g lOOg"' of dry diet (D4) resulted to a 
significant lower value for HSI indicating that fish was more comfortable with the 
dietary arginine at 1.76 g lOOg"' of dry diet, which is also evident by higher value of 
CF for the group fed dietary arginine at the above level. It is well known that liver 
size is directly related to hepatic glycogen level (Kim and Kaushik 1992). Highest 
HSI values obtained for the groups fed diets Dl and D2 may be due to the fact that 
deficiency of arginine might have impaired insulin and glucose production, liver lipid 
metabolism (Balch et al. 1997). 
Based on above results we conclude that inclusion of dietary arginine in the 
range of 1.51-1.66 g lOOg"' of dry diet, corresponding to 3.97-4.37 g lOOg"' protein 
improved weight gain, protein productive value, and the carcass quality while 
reducing body lipid mass in H. fossilis. The information generated in this study is of 
utmost significance for the feed formulists to develop feed formulae that may increase 
the yield and improve the carcass quality. 
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SUMMARY 
A 12-week feeding trial was conducted to evaluate the effects of varying levels of 
dietary arginine on growth, feed conversion, protein productive value and carcass 
composition of fingerling Heteropneustes fossilis (10.11 ±0.14cm; 5.87±0.07g). 
Casein and gelatin-based isonitrogenous (38% crude protein) and isocaloric (14.72 kJ 
g"' digestible energy) amino acid test diets with varying levels of L-arginine (1.00, 
1.25, 1.50, 1.75, 2.00 and 2.25 g lOOg' of dry diet) were fed to randomly assigned 
triplicate groups of fish to apparent satiation twice daily at two feeding schedules 
(08.00 and 17.30 h). Thermal growth coefficient (TGC; 0.86), feed conversion ratio 
(FCR; 1.97) and protein productive value (PPV; 0.25) were best attained by the group 
fed diet containing 1.75 g arginine lOOg'' of dry diet (D4). Carcass protein content 
also peaked at the above level of dietary arginine whereas carcass lipid showed 
consistent drop with the increase in dietary arginine level up to 1.75 g lOOg'' of dry 
diet. Second-degree polynomial regression analysis at 95% maximum and minimum 
response of thermal growth coefficient, feed conversion, protein productive value, 
carcass protein and lipid productive value against varying levels of dietary arginine 
yielded that dietary arginine in the range of 1.51-1.66 g lOOg"' of dry diet, 
corresponding to 3.97-4.37 g lOOg"' protein is adequate to optimize growth, feed 
conversion, protein productive value and improve carcass quality in fingerling H. 
fossilis. 
o 
00 
-t-» 
-5 
c 
u 
E 
*c 
<u 
o. 
X 
o 
< + -
o 
c 
o 
D. 
o 
X) 
H 
vo' Q 
>ri 
f S 
ri 
lO 
— 
^ (N 
^ 
in (N 
^ 
^^  
^ 
m 
o 
IT! 
O 
o 
.Si 
DJ3 
O 
O 
C 
•5 
C 
00 
in 
<N 
o 
o CM 00 
\rt 
0 
^ • ^ 
o 
r4 
ir-i 
^-
ON 
(N 
(^ 
i n (N 
rr) 
^. 
(N 
rr^. (N 
00 
^ O 
o — 
—' IN 
00 
a. 
00 
.—< in (N CI <N 
^ o o 
O -H — 
in 
00 
in 
—^ in IN 
in 
(N 
00 
o 
N 
t^ 
(N 
(N 
O 
O O "! 00 
O ^ — — r^ i 
O 
in 
in 
in (N r<1 in (N 
00 
in 
d 
o 
-^ 
o 
o 
—' 
i n 
(N 
^ 
00 
^ 
m 
< ^ . o < 5 
- r^ 
(N 
t--; 
^ 
— 
O 
^H in IN rn in <N 
.^ o 
o — 
00 
b 
~ "-2^  • = 
*_£ 
'S 
O 
-K-
_c 
'-^  J3 
"u 
a 
o CS 
o 
c 
'B 
< 
I/) 
o 
—: C 
• — u. c -r; 
1) 
O __ 
o o ^ •-
o o 2 > 
c 5 U 
o 
1) 
o 
"^^ 
x: 
E 
o 
O 
Ofi 
o 
o 
'—' 
oc 
u 
c 
'c 
"51) 
^ rt 
"3 
-t-» 
o H 
c 
'5 
-t-» 
o L^ 
D. 
(U T3 
3 ^
 
o 
r~~ <N 
(N 
00 
CTs 
t-~^ 
m 
(N 
r~; 
^ 
'—' 
^ 
o 
(N 
<—< (N 
00 
r o 
r4 
r-; 
•*' 
•—' 
Ov 
Tf 
1—1 
O^ 
00 
r~^  
r<-i 
<N 
l > 
• ^ ' 
: 
^ IN 
— —; t ^ 
'~. 00 ^' 
— m — 
1/5 
« 
« 
S 
o 
c 
'5b 
^ rt 
•o (U 
1/5 
_>. 
"cS 
c 
< 
_c 
"S 
o 
T3 
3 
I -
O 
•o D 
1/5 
>. 
rt 
c 
< 
•5 
-a 
—^^  
^^ 
* 
* 
> • > 
<D 
C 
<0 
a.) 
£ 4-J 
fTl 
i) tJ) 
Q 
r J 
\o ,-^ 
^. o6 
—< r<-, 
IN 
! > • 
^ 
• - HJ 
IN J 
(u "c3 
CO 
o 
03 
> 
IT) 
.= d 
:2 c 
(/I 
x: n. 
o 
• •• -t-» 
u n. 
1 -
> q 
.S u 
c ,c 
' 5D*C 
GO „ 
O " ^ 
O 0-. 
d t)fl 
(U 
3 P cC 
>. b 
i n 
o 
c 
o 
.£ t * 
' c • " 
c Ji 
• ^ 1 ^ . S 
o '^ 
— 00 
a. 
bO^ 
o 
q 
(u d 
£5 
c 
c 
d 
o 
o 
o 
133 
O 
c5 
3 .5 
>- c 
'l3C S _ 5 
O r^ ° " 
- - =^ io" 
M ) 0 O 
^O " ^ 
r- .5 -a 
'S 
o 
o 
-o 
3 
u 
X ^ 03 
O 
ON 
0 0 
^ 2 
wj O 
so 
•v5 o 
in 
O 
n. 
o 
O-
3 
o o 
25 
4: : T3 
3 
C/5 
.0 -o 
'S ' o 
2 > K 
• o O o 
1? d 
Q. t~ 
1/5 O 
• ^ ! - . 
>^  s 
11 
.2 
1/1 
u 
c 
1/5 
O 
a, 
o 
o 
1/5 ^ 
C i - q 
T3 d 
-a 
^ 5 
ON O 
C3 
> 
U Q. 
1/1 
' 5 . 
c 
03 
•a 
' 5 
o 
D. 
00 
•—> 
M 
IT) 
•T3 
C 
03 
ID 
(N 
2 <^ 
o 
d 
O o 
ft « ^ , 
(U S -^ "c "^  
o 1 ^ -^  -
• ^ O 
O >r) 
0 0 0 
o 
u £ 
g 1/5 
^ od 
I ia 
. 5 03 
•5 & 
^ o 
- a 
9" o o 
O S u 
K ^ o 
"^ ^ '-^ 
« ^ c 
.2 c u 
00 
CQ 
V O 
o c 
• ^ ^ • > 
o zi > 
, ^ — < 0 3 
o "S C 00 u o 
O ' X3 
o 
o 
IN 
c 
o 
S '00 
03 _0 
> >. 
^ a 
d o 
B c§ 
03 
a 
1/5 
03 
3 <N 
2 E 
^—' "O 
. . 3 • -
^ y 00 
(N . 2 ON 
o E ^ 
^ .^? | . S ^ 
•^  2 -a 
1 = ^ 
(U 
03 
•3 
o 
c 
o 
E 
a. 
1/5 
u 
1/5 
c 
00 •" >^ (N -q C C 
+ P y o 
" 8 ^ 
S +f 3 
*- x : 03 
o _a. o 
§ ^. 
3 ^ 3 O 
O 
•§ 
3 
"E 
> 
00 
1/5 
03 
00 o 
c 
(U 3 
1- . _ 3 O 
- ^ j . — ' 
X 03 
n • - o 
r- "^ - r J-l 
3 t~^  X 3 : 
3 _ • iTi 
aJ 0 0 
JJ ON 
X ^ 
1/1 OJ 
00 3 — *=* 3; 
C • - T3 O • - 3 
C K 03 0 » ^ ^ 
00 
WD 
© 
O 
•3 
in 
o 
s 
o 
o 
u 
o 
B 
•5 
o 
w 
c 
T3 
O 
cd 
U -
o 
a 
o 
o 
c 
H 
< 
3 
H 
o 
' u 
c« 
o 
c 
• • IN 
< 
< 
< 
<u 
.s 
"o 
3 
"o 
CO 
C 
o n. o i2 
'c 
"3 
•5 .£ 
c 
X 
a 
o 
3 -^  
03 
(/I 
o 
o 
••E 
• 4 - * ^ ^ — . " 
< I is -J -J CO 
o 
o. 
1/1 
I ^ 
1/1 
.£ 
'i/i 
^ 
.S 
C 
o 
> 
3 
-^ ^ 
c 
o 
u 
a 
-o 
c 
cs 
u 
_3 
> 
> 
' 4 - * 
u 
-a 
o 
a 
Is-
-o 
c 
c 
o 
> 
c 
o 
o 
U 
o 
a 
H 
Q 
ri 
IT) 
Q 
o 
o 
-H 
O N 
00 
"5 
'ex)l 
o 
o 
u 
> 
u 
0X1 
^1 
73 
a 
< 
o 
-H 
ON 
00 
3 
i 
•5 
o 
•a 
NO 
(N 
&C 
00 
o 
XI 
4? 
0 0 
ro 
0 
-H 
r<-i 
i n 
ON. 
o 
o 
-H 
o 
00 
o 
-H 
IT) 
O 
o 
-H 
t o 
O N 
c« 
^ 1—1 
0 
+1 
^ 0 0 
>n 
m 
IJO 
4? 
(^  
_^ 
0 0 
r<i 
_^  
0 
-H 
0 
0 0 
un 
q 
d 
-H 
d 
O 
ON 
NO q 
d 
-H 
00 
NO 
O N 
q 
d 
-H 
NO 
(N 
(N 
ON 
CNI 
^ O U 
q 
d 
d 
q d 
-H 
10 q d 
-H 
CN) 
(N 
o 
o 
( N 
d 
+1 
00 
i n 
C3 
d 
-H 
t r i 
00 
IT) 
( N 
d 
+1 
00 
t f l 
41 
ON, 
q 
i n 
ra 
i n 
+1 
, 
r^ 
41' 
CN 
0 ' 
( N 
d 
-H 
NO 
-Nt; 
0 0 
q 
d 
-H 
d 
NO 
0 0 
X I 
0 
d 
-H 
00 
00 
i n 
q d 
41 
0 0 
d 
P3 
NO 
q 
d 
41 
NO 
0 0 
d 
X 
q 
d 41 
0-
c-^  d 
• o 
^ 
0 
41 q 
(N 
d 
41 
r~-
o_ 
w 
d 
41 
0 ( N 
rJ 
0 
d 
41 
r-^  
ON 
KI 
q 
d 
41 
r n 
ON 
ON 
C3 
r--q 
d 
41 
00 
ON 
« m 
q d 
41 
d 
CO 
0 
d 
41 
i n 
d 
CJ 
O N 
q d 
41 
ON r— 
d 
X3 
q 
d 
41 
d 
ON 
q d 
41 i n 
r-j 
d 
q 
d 
41 
o^ 
( N 
d 
o 
o 
o 
o 
o 
o 
o d 
41 
ON 
O N 
0 
en 
q 
d 41 
^ 
'*, d 
CC 
r-
d 4^  
r-
_^ 
i n 
( N 
q 
d 
41 00 
1 — t 
T t 
O N 
• a 
'^  0 
d 41 NO 
q 
d 
0 
i n 
q 
d 41 
r-
' " • . 
0 
j 3 
00 
ON 
H-
r-t-
f- ; ; 
> 
D-
D-
C/l 
tr: 
OC 
> 
OH 
_J 
s= 
^ +-] 
* 
0 ^ 
ci 
C/3 
> 
o 
-J 
in 
o 
d 
A 
Cu 
0=1 
c 
U 
> 
C C3 
O C X ) 
"in ^ 
3 
CO 
C 
o 
a 
+-* C 
a — 
O U GO 
3 II 3 
i « —< 
OX) 
> 
_> 
o 
3 
• o 
O 
D . 
-o 
"a 
•a_" 
^^  ^ > 
^ t^ a. 
+1 E -^  
(U U > 
-*-* O -N 
rt o y 
o > 
r^ 60 
O ^ (/) 
U 
3 
t 
c 
H 
II 
U 
P 
0 
P-
11 
> 
q 
d 
O 
d 
-H 
q 
d O 
-H 
00 
IT) 
o d 
A 
c 
u 
>5 
OX) 
.s 
u 
c 
c 
o 
o 
a 
o 
o 
-o 
o 
CQ 
•4 
<u 
• S 
;>. 
o 
o 
OX) 
<u 
•V 
73 
i) 
tn 
>> 
r^  
0 
r-
r4 
-* 
s 
o 
r4 
C 
ON 
I 
e 
ON 
q 
d 
IT) 
q 
d 
(N 
CO 
q 
d 
-H 
q 
d 
q 
d 
-H 
00 
00 
^' 
q 
d 
+1 
IT) 
o 
-H 
OS 
0-. 
-H 
OS. 
o 
d 
ON 
r<-) 
O 
d 
q 
o 
-H 
OS 
in 
q 
d 
-H 
00 
•a 
q 
d 
-H 
OS 
00 
q 
d 
i n 
d 
o^  
OS 
O 
HH 
00 
in 
q 
d 
-H 
m 
00 
q 
d 
1(0 
>0 
q 
d 
00 I 
00 
ir-) 
q 
o 
-H 
ro 
rn 
o 
d 
-h' 
q 
d 
-H 
o\ 
o 
-H 
OS, 
00 
d 
-H 
•a 
c 
a 
3 
in 
. & • 
O 
a, 
3 
(U S 
03 
t/5 
u L-
3 
en 
O 
% 
_C 
'53 
p £ 
-o 
a 
J 
in 
3 
C 
03 
I! 
c 
0) 
:-
T3 
_U 
O 
O 
a 
_3 
> 
C 
03 
00 
o 
'•o 
c 
o 
o 
C 
o 
-o 
c 
o 
o 
C 
X 
u 
•a 
c 
o 
O 
S-H 
o 
X 
u 
-a 
c 
o 
O 
a 
I 
u 
« 
B 
O 
© 
o 
o 
(/I ^.-
O >« 
O 
« S 
c ^^ 
• — -(-1 
B ,<U 
"Si's 
•1% 
•o '^ 
S 
^ ^ 
o 
-H 
ON 
-H 
O 
-H 
d 
-H 
in 
d 
-H 
m 
d 
-H 
d o 
-H 
OS 
d 
+1 
m 
d 
-H 
(N rJ (N (N 
m 
rn d 
-H 
O 
-H 
IT) 
i n 
d 
-H 
<N 
in 
d 
-H 
(N 
d 
4^  
vD 
d 
-H 
o 
o 
d 
+1 
o 
OS 
1^ q 
(N 
D Q 
c 
-o 
c 
o 
°s 
' t75 
-S 
<u 
c 
o 
o 
.S-
"C o 
u 
s y 
C3 > 
'-" >> 
U -73 
' > O 
u > 
-2 " 
> 
SO 
"S 
>> 
T3 
o ^ 
» o 
X ^ 
^ - ^ 
2 o 
„ m. 
^ ^ GO +1 
G3 W 
n <1^  
^• •^3 
H n 
X 
o 
o 
u 
• o 
,«3 O c3 
.5 o 
> 
c 
c^  
O C 
t/) o 
^^^  ^ n 
I > U 
86 
^ 0.9 
o 
O 
t 0.8' 
S 0.7. 
2 0.6' 
0 0.5' 
0.4< 
Y=-0.54186X''+1.965X-0.92406 (R^=0.997) 
I I I I I I I I I I I I I I I I I I I •• I I I I I I 'I I I I I I I I I I I 
0.9 1.1 1.3 1.5 1.7 1.9 2.1 
Analysed dietary arginine levels (g 100g , dry diet) 
Fig. 1. Second-degree polynomial relationship of analysed dietary arginine levels to 
thermal growth coefficient (TGC) 
87 
6.0-, 
Q£ 
U 
IL. 
0 
'•S 
n k> 
c 
0 (A 
> 
c 0 
5.5 
5.0 
4.5 
4.0 
3.5 
3.0 
Y=4.72X^.16.983X+17.04(R^=0.966) 
Analysed dietary arginine levels (g lOOg , dry diet) 
Fig. 2. Second-degree polynomial relationship of analysed dietary arginine levels to 
feed conversion ratio (FCR) 
88 
0.30n 
> 0.25 
0 
i 0.20 
> 
0 
_> 
? 0.15 
•D 
0 
I 0.10 
0 
Q. 
0.05-
Y = - 0 . 2 0 9 5 3 X ^ + 0 . 7 8 6 2 X - 0 . 5 0 2 5 ( R ' ' = 0 . 9 7 1 ) 
X =1.88 g 100g 
I I ' l I I I I I I I I I I I I I I I I I I I I ) I I I I I I I I ' l I I I I I I I I I I I 
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 
Analysed dietary arginine levels (g 100g , dry diet) 
Fig. 3. Second-degree polynomial relationship of analysed dietary arginine levels to 
protein productive value (PPV) 

CHAPTER 4 
DIETARY L-TRYPTOPHAN REQUIREMENT OF FINGERLEVG STINGING 
CATFISH, HETEROPNEVSTES FOSSILIS (BLOCH) 
"Puhlishal in "AqiKicnlture Reseunh" 2012. iJoi:}0.11 JJA/re. 12066 (lilackwell 
pitblkati(ins) 
INTRODUCTION 
Tryptophan is one of the essentia! amino acids for fish and is required for a wide 
variety of metabolic activities. As it is found in lowest concentrations in most animals 
including fish, it plays a rate-limiting role in protein synthesis (Richard, Dawes, 
Mathias, Acheson, Hill-Kapturczak & Dougherty 2009). Hence, the dietary 
tryptophan requirement is low compared with other essential amino acids. Apart from 
being a structural component of all proteins, tryptophan is a precursor for synthesis of 
serotonin, melatonin and niacin. This amino acid is also known to be a stress 
suppressor in some species (Seve 1999; Lepage, Tottmar & Winberg 2002; Lepage, 
Vilchez, Pottinger & Wmberg 2003; Le Floc'h & Seve 2007; Tejpal, Pal, Sahu, 
Kumar, Muthappa, Sagar & Rajan 2008) and has stress-releasing effect (Winberg, 
0verli & Lepage 2001; Lepage et al. 2002; Hseu, Lu, Su, Wang, Tsai & Hwang 
2003). Tryptophan controls immune and inflammatory responses (Melchior, Meziere, 
Seve & Le Floch 2005), and influences feed intake in fish (Hseu et al. 2003). Feeding 
tryptophan-supplemented diet results in the inhibition of endogenously derived 
aggressive behavior in fish (Winberg et al. 2001; Hseu et al. 2003). Sidransky, 
Murthy & Vemey (1984) have reported that tryptophan has hormone-like properties 
in promoting protein synthesis in rat liver by altering the permeability of the nuclear 
envelope and facilitating translocation of mRNA from the nucleus to the cytoplasm. 
As protein synthesis is likely to have precedence over synthesis of other molecules, 
dietary deficiency of tryptophan may have important consequences in terms of carcass 
protein and performance. 
Heteropneustes fossilis, the fish under study is a highly preferred food fish. 
Due to the favourable production-related characteristics as mentioned under General 
Introduction section (page 6-8), its culture has gained considerable attention during 
the past few years in Indian sub-continent and Southeast Asian region. Quantitative 
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dietary 'amino acid requirements of all essential amino acids have been reported for 
several cultivable finfish species (NRC 2011). Although data on dietary arginine and 
lysine requirements of fmgerling stage of this fish are available (Farhat & Khan 
2012a; 2013a), information on other essential amino acid requirements of fmgerling 
H. fossilis are lacking. In view of this, present study was conducted to estimate the 
requirement for dietary tryptophan. 
MATERIALS AND METHODS 
Preparation of amino acid test diets 
Diets with eight L-tryptophan levels (0.12. 0.16. 0.20, 0.24, 0.28. 0.32, 0.36 and 
0.40% of the dry diet) were prepared. Diets were designated as Tl, T2, T3, 14,15, 
T6. T7 and T8. Ingredients and proximate composition of the experimental diets are 
given in Table 1. Amino acid analysis of diets revealed the L-tryptophan content to be 
0.10, 0.15, 0.19, 0.24, 0.28, 0.32, 0.35 and 0.39% of the dry diet (Table 1). Method of 
preparation of experimental diets has been described under General Methodology 
section (page 12-13). Lysine was added to the diets as per the requirement determined 
for fmgerling H. fossilis in this laboratory by Farhat & Khan (2013). 
Water stability of the diet 
The details of determining water stability have been described under General 
Methodology section (page 14). The analysis revealed that the prepared amino acid 
test diets were 98% water stable. 
Experimental design and feeding trial 
Source offish, their acclimation, and details of general experimental design have been 
described under General Methodology section (page 9). 
H. fossilis fmgerling (6.66±0.08g mean body weight; 10.2±0.12cm mean body 
length) were taken from the above-acclimated fish lot and randomly stocked at the 
rate of 20 fish per70-L circular polyvinyl troughs (water volume 55 L) fitted with a 
continuous water flow-through (1-1.5 L min"') system. Each diet was fed in triplicate 
(n = 3 X 8). Fish were hand-fed to appearent satiety twice a day at 08:00 and 17:30 
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hours for 72 days. Initial and weei<:ly weights were recorded on a top-loading balance 
(Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, Zurich, Switzerland). Fish were 
deprived of feed on the day they were weighed. The feeding trial lasted for 12 weeks 
(72 feeding days). Faecal matter was siphoned off before every feeding. The 
unconsumed feed in few was collected soon after active feeding, dried and reweighed 
to measure the actual amount of dry feed consumed for accuracy in FCR calculation. 
Water quality parameters 
Water quality parameters were recorded following standard methods (APHA 1992) as 
discussed under General Methodology section (page 14). The average water 
temperature, dissolved oxygen, free carbon dioxide, pH and total alkalinity based on 
daily measurements were 27-28°C, 6.5-7.8 mg L"'„ 5.1-11.7 mg L"'„ 7.3-7.7 and 65-
84.5 mg L"' respectively. 
Haematological assay 
Before taking the blood samples, fish were starved for 24 h and anesthetized with 
MS-222 at the concentration of 100 ug m L"'. Blood samples were obtained from the 
caudal vein of seven fish from each trough in triplicate (n=3x7) using heparinized 
syringe. The blood samples thus collected were used to determine blood 
characteristics. The hematological measurements were performed as per the method 
described in Genera! Methodology section (page 16-17). 
Lens quality analysis 
At the end of the experiment, 5 fish from each treatment in triplicates (n=3x5) were 
sampled, decapitated and the lenses removed aseptically from the left eye. The 
lenticular analysis was performed as per the method described under General 
Methodology section (page 17). 
Sample collection 
Six subsamples of a pooled sample of 30 fish were analysed for initial body 
composition. At the end of the experiment, six fish from each replicate of dietary 
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treatments were pooled separately and three subsamples of each replicate from the 
pooled sample (n = 3 x 3) were analysed for final whole-body composition. 
Chemical analyses 
Proximate composition of casein, gelatin, experimental diets, and initial and final 
body composition was estimated using standard methods (AOAC 1995) as detailed 
under General Methodology section (page 18-23). The details for amino acid analysis 
of casein, gelatin, initial and final fish body and experimental diets have been 
described under General Methodology section (page 12). 
Evaluation of growth parameters 
Calculations of various growth parameters were made according to the standard 
definitions described under General Methodology section (page 25-27). 
Statistical analyses 
Data were statistically analysed as per the standard methods given under General 
Methodology section (page 27). 
RESULTS 
Growth performance and per cent survival 
Best performances in terms of absolute weight gain (AWG; g fish''); feed conversion 
ratio (FCR) and protein retention efficiency (PRE%) were observed for the group fed 
dietary tryptophan at 0.28% (T5) of the dry diet (Table 3). All growth data were 
subjected to one-way analysis of variance ANOVA. To obtain more precise 
information on dietary tryptophan requirement of Singhi, response criteria were 
subjected to broken-line and second-degree polynomial regression analyses. The 
broken-line regression analysis reflected higher R^  values for AWG g fish"' (0.999), 
PRE% (0.993), Hb g dL"' (0.995), Hct% (0.993) compared with R^  values obtained 
using second-degree polynomial regression analysis of AV^ G g fish"'(0.949), PRE% 
(0.890), Hb g dL"'(0.969) and Hct% (0.943). Hence, the results are reported on the 
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basis of broken-line regression analysis. The relationships were best established by 
the following linear equations: 
YAWG g nsh"'=-l3.57+281.165X; X<0.28% (R^=0.999), L,; Y=1]5.88-173.35X; 
X>0.28%, L2; 
YFCR=8.I856-28.4151X; X<0.28% (R^=0.932), LU Y=1.4696+0.82305X; X>0.28%, 
YpRE%=-8.795+141.25444X: X<0.28% (R^=0.993), U; Y=57.666-88.4612X; 
X>0.28%, L2; respectively. No mortality was recorded among the groups throughout 
the length of the experiment. 
Body composition 
Changes in body composition of fish fed different levels of dietary tryptophan have 
been depicted in Table 4. Body protein was found to increase with increasing levels of 
dietary tryptophan up to T5. Further increase in dietary tryptophan at 0.32 (T6) and 
0.35% (T7) did not show any significant improvement (P>0.05) in body protein. 
However, a slight but statistically significant (P<0.05) decline was recorded for the 
body protein content of fingerling H.fossilis when fed tryptophan at 0.39% of the dry 
diet (T8). Body fat content showed a significant (P<0.05) linear decrease with the 
increase in dietary tryptophan up to 0.28% (T5) beyond which no significant decline 
(P>0.05) was recorded (Y=8.068]3-13.44X; R^=-0.964). The body moisture showed 
reverse trend to that of body fat content (Y=72.096+13.88X; R^=0.967). Body ash 
remained almost unaltered (P>0.05) in response to varying levels of dietary 
tryptophan. 
Hematological parameters 
Haemoglobin (11.9 g dL"'), haematocrit (33.8%) and RBC count (2.9 x lO'' mU') 
showed a consistent significant increase (P<0.05) with the increase in dietary 
tryptophan up to 0.28%) of the dry diet (Table 5). These parameters remained almost 
unaltered (P>0.05) for the groups receiving dietary tryptophan above this level at 
0.32% (T6), 0.35% (T7) and 0.39% (T8). The linear equations employed to establish 
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the relationship were YHb g dL'=l8.23615+54.71795X; X<0.28% ( R M . 9 9 5 ) , LI; 
Y=43.709-33.8858X; X>0.28%, L2; YHC,%=3.51I3+30.64X; X<0.28% (R^=0.993), 
L,; Y=16.25-14.6667X; X>0.28%, L2. 
Incidence of caudal fin erosion and cataract 
At the beginning of 8* week, caudal fins erosion appeared in fingerling H.fossilis fed 
low levels of dietary tryptophan (Tl and T2) and the entire fin was missing at lO"' 
week. The diet containing 0.28% tryptophan (T5) at which fingerling H. fossilis 
attained maximum growth, protein retention and best feed conversion also prevented 
the caudal fin erosion. Incidence of caudal fin erosion was not found in fish receiving 
other diets. Visual inspection of lenses did not show any evidence of cataract in this 
study. Lenses were homogenous and clear throughout. 
Tryptophan requirement 
Based on broken-line regression analysis of AWG; g fish"', PRE% (Fig. 1) and Hb; g 
dL", Hct% (Fig. 2) at 95% maximum response, dietary tryptophan requirement of 
fingerling Singhi is found to range between 0.24%) and 0.27%) of the dry diet, 
corresponding to 0.63-0.71% dietary protein. 
DISCUSSION 
Dietary tryptophan requirement for several fish species has been reported to range 
from 0.4 to 1% of the dietary protein (NRC 2011). The results of this study indicate 
that tryptophan is essential for fingerling H.fossilis. The broken line (Robbins et al. 
1979) and the second-degree polynomial regression analysis (Zeitoun, UUrey, Magee, 
Gill & Bergen 1976) as used for several fish species (DeLong, Halver & Yasutake 
1958; Zeitoun et al. 1976; De Silva & Perera 1985; Santiago & Lovell 1988; 
Borlongan 1991; Murillo-Gurrea, Coloso, Borlongan & Serrano 2001; Coloso, 
Murillo-Gurrea, Borlongan & Catacutan 2004) have been used to determine the 
tryptophan requirement of fingerling H.fossilis. The broken-line model appears to be 
more appropriate when the growth response increases linearly up to the minimum 
required nutrient level and then reaches a plateau above this level (Robbins et al. 
1979). However, when both the models fit the data well, requirement is almost similar 
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and a range of requirement is recommended. Dietary tryptophan requirement of 
fmgerling H.fossilis in this study was determined by subjecting the response variables 
to these two mathematical models. As the data were a good-fit to broken-line 
regression analysis as indicated by high R values, the tryptophan requirement is 
recommended on the basis of broken-line regression analysis of the data, which at 
95% maximum response of AWG; g fish"', PRE%, Hb; g dL"' and Hct%, exhibited 
the dietary tryptophan requirement between 0.24 and 0.27% of the dry diet, 
corresponding 0.63-0.71% dietary protein. The requirement obtained is approximately 
similar to the requirements reported for Channel catfish, Ictalurus punctatus 0.5% 
(Wilson, Allen, Robinson & Poe 1978), Clarias hybrid, C. macrocephalus x C. 
gariepinus 0.6% (Unprasert 1994), European sea bass, Dicentrarchus labrax 0.6% 
(Kaushik 1998), hybrid striped bass, Morone chrysops x M. saxatilis 0.6-0.7% protein 
(Gaylord, Rawles & Davis 2005) and is lower than the requirement reported for Nile 
tilapia, Oreochromis niloticus 1.0%) (Santiago & Lovell 1988), Japanese eel, Anguilla 
japonica 1.1% (Nose 1979) and African catfish. Clarias gariepinus \A% protein 
(Fagbenro & Nwanna 1999). These differences in the requirement among the species 
may be due to the differences in basal diet composition (Kim, Kayes & Amundson 
1992), laboratory conditions, feeding levels adopted, frequency, size and age offish 
(Cowey & Luquet 1983; Tacon & Cowey 1985; Chiu, Austic & Rumsey 1988). 
During fingerling stage growth rate is usually high. As growth is mainly related to 
muscle protein deposition (Concei^ao, Dersjant & Verreth 1998), high amino acids 
flow is required from feed to growing biomass (Ronnestad, Tonheim, Fyhn, Rojas-
Garcia, Kamisaka, Koven, Finn, Terjesen, Bar & Co'ncei9ao 2003). Genetic 
differences, experimental conditions, reference protein used, energy density of the 
diet, digestibility, amino acid profile and energy content (Akiyama, Oohara & 
Yamamoto 1997; Luzzana, Hardy & Halver 1998; Simmons, Moccia, Bureau, Sivak 
& Herbert 1999; De Silva, Gunasekera & Gooley 2000), also bring about differences 
in the requirements. 
The lack of certain essential amino acids has been shown to affect growth and 
feed conversion negatively in juvenile fish (Fauconneau, Basseres & Kaushik 1992) 
followed by increase nitrogen losses (Aragao, Concei9ao, Martins, Ronnestad, Gomes 
& Dinis 2004a; Aragao, Concei^ao, Lacuisse, Yufera & Dinis 2007). Depressed 
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growth and lower feed efficiencies are more commonly noted. For example, Coloso et 
al. (2004) determined that Asian sea bass, Lates calcarifer had a marked depression in 
growth when fed a diet containing <0.21% tryptophan of the dry diet. Below this 
dietary tryptophan concentration, feed efficiency was depressed and HSI increased. 
The reduced gain in weight of H. fossilis fed diets containing 0.10% (Tl) and 0.15% 
(T2) was also due to low feed intake. As the diets were formulated to contain all the 
essential nutrients in balanced proportion, the reduction in feed intake at sub-optimum 
levels of dietary tryptophan mainly at 0.10% (Tl) and 0.15%) (T2) in diet was due to 
amino acid imbalance in the body induced by the inadequate level of tryptophan. 
Harper, Benevenga & Wohlhueter (1970) also indicated that the reduction in feed 
intake was probably caused by a dietary amino acid imbalance. The observed 
anorexia during this study in fingerling H. fossilis receiving inadequate levels of 
dietary tryptophan has also been reported by various other workers (Halver & Shanks 
1960; Hoglund, S0rensen. Bakke, Nilsson & Overli 2007). 
Growth depressing effect of higher levels of dietary tryptophan has been well 
documented in many cultivable finfish species. Excessive Intake of dietary tryptophan 
was found to depress growth rate and feed conversion efficiency in Nile tilapia 
Oreochromis niloticus (Santiago & Lovell 1988) and milkfish Chanos chanos 
(Borlongan 1991). In this study, fingerling H. fossilis fed dietary tryptophan at 0.35% 
(T7) and 0.39% (T8) had reduced feed intake and growth retardation. Excesses of 
dietary tryptophan have been shown to be associated with increased tryptophan 
concentrations in the blood that leads to elevated brain concentrations of the 
neurotransmitter serotonin, as tryptophan is a precursor of serotonin (Tagliamonte, 
Biggio, Vargiu & Gessa 1973). This may cause behavioral changes such as reduced 
feed intake (Femstrom 1985) which has also been recorded in this study. 
As observed in the current study as well as in rainbow trout (Kim, Kayes & 
Amundson 1987) and hybrid striped bass (Gaylord et al. 2005), protein utilization, as 
indicated by PRE%) in this study, was dramatically compromised in fish fed diets with 
inadequate amount of tryptophan (Tl, T2, T3 and T4). 
Body protein content showed significant enhancement in response to 
incremental intake of dietary tryptophan up to 0.28%) (T5). Further increase in dietary 
97 
tryptophan intake at 0.32% (T6) and 0.35% (T7) did not siiow any improvement in 
body protein. However, it showed a significantly decline in fish fed tryptophan at 
0.39% of the dry diet (T8). Hematological characteristics of fingerling H. fossilis 
attained its peak with the dietary tryptophan at 0.28%) (T5) indicating that in addition 
to maximizing growth perfarmance and protein retention, above level of dietary 
tryptophan is adequate to support the maximum Hb; g dL"', Hct%) and blood cell 
formation as well. 
Tryptophan is an essential constituent of the lens crystallins and due to its 
aromatic ring it is important for the absorption characteristics of the lens in near UV-
radiation. Sub-optimal concentration of dietary tryptophan has been reported to be 
associated with the development of cataract in fish (Poston & Rumsey 1983) and 
terrestrial vertebrates as well (Hall, Bowles, Sydenstrlcker & Schmidt 1948; Ohrloff 
Stoffel, Koch, Wefers, Bours & Flockwin 1978). 
Based on broken-line regression analyses of AWG; g fish'*, PRE%, Hb; g dL"' 
and Hct%) at 95% maximum response, optimum dietary tryptophan requirement of 
fingerling H. fossilis was found to range between 0.24 and 0.27%) of the dry diet, 
corresponding to 0.63-0.71% dietary protein. Data generated in this study will be 
useful for fish nutritionists in developing feeds that maximizes growth, feed 
conversion, protein retention and highest hematological values of fingerling H. 
fossilis. 
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SUMMARY 
To quantify dietary L-tryptophan requirement of fingerling Heteropneustes fossilis 
(6.66g±0.08 g), casein-gelatin based isonitrogenous (38% CP) and isoenergetic (14.72 
kJ g"' DE) purified diets with eight levels of L-tryptophan (0.12, 0.16, 0.2, 0.24, 0.28, 
0.32, 0.36, 0.40% dry diet) were fed to triplicate groups offish twice daily to apparent 
satiation for 12 weeks. Incremental levels of dietary tryptophan from 0.12 to 0.28% 
significantly (P<0.05) improved absolute weight gain (AWG; 14.3-65.9 g fish"'), feed 
conversion ratio (FCR; 5.9-1.5). protein retention efficiency (PRE; 6.2- 32.2%), 
haemoglobin (Hb; 6.5 to 11.9 g dL"^ ) and haematocrit (Hct; 23.5-33.8%). To 
determine the precise information on tryptophan requirement, data were subjected to 
broken-line and second-degree polynomial regression analysis. Broken-line regression 
analysis reflected highest R^  values for AWG g fish"" (0.999), PRE% (0.993), Hb g 
dL"' (0.995), Hct% (0.993) compared with R^  values obtained using second-degree 
polynomial regression analysis AWG g fish"' (0.949), PRE% (0.890), Hb g dL"' 
(0.969), Hct% (0.943), indicating that data were better fit to broken-line regression 
analysis. Hence, based on broken-line regression analysis at 95% maximum response, 
tryptophan requirement of fingerling H. fossilis is recommended between 0.24 and 
0.27% dry diet (0.63-0.71% protein). 
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Fig. 1. Broken-line regression analysis of absolute weight gain (AWG; g fish"') -
protein retention efficiency (PRE%) against varying levels of dietary tryptophan. 
Each point represent the mean of triplicate groups offish (n=3x3). 
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Fig. 2. Broken-line regression analysis of hemoglobin (Hb; g dL"') - hematocrit 
(Hct%) against varying levels dietary tryptophan. Each point represent the mean of 
triplicate groups offish (n=3x3).al 

CHAPTERS 
TOTAL SULPHUR AMINO ACID REQUIREMENT AND CYSTINE 
REPLACEMENT VALUE FOR FINGERLING STINGING CATFISH, 
HETEROPNEUSTES FOSSILIS (BLOCK) BASED ON GROWTH, PROTEIN 
DEPOSITION, METHIONINE RETENTION EFFICIENCY, NUCLEIC ACID 
INDICES AND BODY COMPOSITION 
INTRODUCTION 
Fish is a rationale food for human and is the best solution to deal with the global issue 
of protein calorie malnutrition. The diet rich in seafoods particularly fish, have more 
positive effects on several health related variables such as blood pressure, glucose-
insulin metabolism and blood lipid profile (Mori et al. 1999; Bao et al. 1998). Animal 
and human studies have also shown promising effects of fish protein on weight loss. 
These effects mainly lie in the high content of the amino acid taurine in fish (Fujihira 
el al. 1970; Zhang et al. 2004; Tsuboyama-Kasaoka et al. 2006) which plays 
important roles in fat digestion, antioxidative defense, cellular osmoregulation, as 
well as development of visual, neural and muscular systems (Fang et al. 2002; Omura 
& Jnagaki 2000). Due to over-exploitation of wild stocks to meet the growing demand 
of fish, there is continued depletion of fishery resources and hence a dire needs to 
increase its production. Aquaculture is the only alternative to bridge the gap in supply 
and demand. Thus it is an important source of producing quality protein to alleviate 
the malnutrition ensuring nutritional security. In culturing fish in captivity, nothing is 
more important than feeding nutritionally balanced feeds. Protein is the costliest 
component of feed. It directly influences feed conversion, carcass quality and the 
weight gain of the fish. Therefore, a better understanding of the nutritional 
requirements of fish particularly that of protein and amino acids would enable to the 
development of amino acid balanced quality feeds. 
Sulphur amino acids are used by the animals including fish in several 
metabolic functions as primary constituents of structural proteins and protection with 
regard to the production of antibodies. Methionine, is a sulphur amino acid is essential 
amino acid required for normal growth and development offish. Dietary deficiency of 
methionine reduces weight gain, feed efficiency and protein content in the carcass and 
leads to fat deposition in the body (Moran Jr. 1994; Abidi & Khan 2011; Khan & 
Abidi 201 Ic). In addition to being a substrate for protein synthesis, methionine can be 
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activated to S-adenosylmethionine which plays an important role as a methyl group 
donor for many transmethylation reactions in the body (Eloranta 1977; Finkelstein 
1990). These S-adenosylmethionine-dependent reactions include the synthesis of 
polyamines as well as the methylation of phospholipids, proteins, nucleic acids and 
many other molecules (Lobley 1992; Baker et al. 1996; Chiang et al. 1996). Since 
methionine is an essential amino acid in synthesizing protein, its deficiency results in 
inefficient use of dietary protein in converting to body protein. In addition to these 
fundamental roles, methionine is the constitue nt of the amino acid N-
formyimethionine that corresponds with most start codons in the translation of mRNA 
to protein. Fish lens protein is usually high in methionine content relative to other 
vertebrates and methionine might, therefore, play a significant role in the stability of 
piscine lens protein (Liaw et al. 1992). Methionine can be converted irreversibly to 
cystine via trans-sulphuration. Therefore, cystine can be considered as a non-essential 
amino acid, provided that the supply of methionine is appropriate (Pillai 2005). Both 
methionine and cystine play very significant roles in protein metabolism. They are the 
components of tissue protein and, therefore, serve as substrates for protein synthesis. 
At least half of the methionine requirements of the animals can be replaced by 
cystine. Undisputed functions of cystine include protein synthesis and the 
biosynthesis of taurine, sulfate and glutathione. It has been demonstrated that cystine 
is able to spare approximately 40-60% of the dietary methionine requirement in some 
fish species (Moon & Gatlin 1991; Griffin et al. 1994; Goff & Gatlin, 2004). Several 
studies have been carried out to investigate the degree to which cystine can replace 
methionine in the diets of poultry (Sasse & Baker, 1974), pig (Baker et al. 1969), rat 
(Stipanuk & Benevenga, 1977) and fish such as sea bass, Dicentrarchus labrax 
(Hidalgo et al. 1987), rainbow trout, Salmo gairdneri (Walton et al. 1982), channel 
catfish, Ictalurm punctatus (Harding et al 1977) and rohu, Labeo rohita (Abidi & 
Khan 2011). These studies have demonstrated that cystine can replace a part but not 
all of the dietary need for methionine. Cystine, thus spares methionine. These studies 
also have demonstrated that the degree to which cystine can replace methionine varies 
among species. Therefore, the requirements of these amino acids are usually 
considered together as requirements for methionine+cystine. Hence, determination of 
replacement value of cystine for methionine in aquatic animal species is also 
important because inclusion level of methionine which is one of the limiting amino 
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acids, may be minimized by insuring adequate amount of cystine and hence reducing 
tiie use of crystalline methionine in fish feeds which will otherwise increase the cost 
of the feeds. 
Heteropneustes fossilis, the fish under study, locally known as Singhi, is 
considered as one of the most demanded freshwater air breathing, omnivorous catfish 
species in the Indian subcontinent and Southeast Asian region due to its various 
nutritional and culture related traits discussed under General Introduction section 
(page 6-8). This fish is also recommended as a diet for convalescence people and 
those suffering from heart diseases and obesity. 
Lack of complete information on nutrient requirement of H. fossilis is 
hampering efforts in developing quality feeds for this species. However, some 
information is available on its nutritional aspects (Singh & Srivastava 1984; Jhingran 
1991; Akand et al. 1991; Anwar & Jafri 1992; Mohamed 2001; Usmani & Jafri 2002; 
Firdaus et al. 2002; Siddiqui & Khan 2009; Khan & Abidl 2010; Khan & Abidi 
2011a, b; Farhat & Khan 2012a, b, 2013a). Although information on total sulphur 
amino acid requirement and cystine replacement value have been established for a 
very limited number of cultured fish species (Twibell et al. 2000; Nguyen & Davis 
2009; Abidi & Khan 2011; NRC 2011), no published data on total sulphur amino acid 
requirement and cystine replacement value of fingerling H. fossilis is available. This 
study was, therefore, conducted to generate data on the total sulphur amino acid 
requirement and cystine replacement value for methionine for fingerling H.fo.ssilis so 
that sulphur amino-acid balanced cost-effective feeds could be prepared for the 
intensive aquafarming of this fish. 
MATERIALS AND METHODS 
Preparation of amino acid test diets 
Six casein-gelatin based isonitrogenous (380 g kg''crude protein CP) and Isocaloric 
(17.9 MJ kg"' gross energy; GE, 15.3 MJ kg"' digestible energy; DE) amino acid test 
diets containing graded levels of L-methionine (6.5, 8, 9.5, II, 12.5, 14 g kg"' dry 
diet) with 4 g cystine kg"' of the diet were prepared and fed to fish. Diets were 
designated as Ml, M2. M3, M4, M5 and M6. To accentuate the utilization of limiting 
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amino acids from the diet (Wilson 1989; Zhou et al. 2010), dietary protein level was 
fixed at 380 g kg"' CP, slightly lower than that reported earlier (400 g kg"' CP; 
Siddiqui & Khan 2009). The dietary range necessary to quantify the dietary 
methionine requirement and the amount of cystine fixed in the diets were based on the 
information available on other warmwater catfish species (Cai & Burtle 1996; 
Fagbenro et al. 1998; NRC 2011). The formulation of the basal diet and proximate 
composition of the amino acid test diets used in Experiment I have been given in 
Table 1. Total methionine and cystine contents contributed by the intact protein 
sources (casein and gelatin) were 6.4 and 0.8 g kg"' of the dry diet, respectively. 
Crystalline L-amino acids were added to the intact protein sources to simulate the 
amino acid profile of the experimental diets to that of 380 g kg"' whole chicken egg 
protein excluding the test amino acid methionine and the cystine which were added to 
the amino acid test diets taking into consideration the amount of methionine and 
cystine contributed by casein and gelatin of the basal diet. Crystalline L-cystine at the 
rate of 3.2 g kg"' was supplemented to make it 4 g kg"' in all the diets. Arginine, 
tryptophan and lysine were supplemented in the diets as per the requirement of these 
amino acids (Farhat & Khan 2012a, b; 2013a). A blend of cod liver oil and corn oil 
(2:5) were used as the dietary lipid source to provide n-3 and n-6 fatty acids. Vitamin 
and mineral premixes were prepared as per Halver (2002). To spare the L-methionine 
being used as methyl donor, choline chloride v/as added as per the NRC 
recommendations (NRC 2011) in all the amino acid test diets. The amino acid test 
diets were prepared as per Abidi & Khan (2007) as detailed under General 
Methodology section (page 12-13). Almost similar procedure was adopted to prepare 
the test diets of experiment II. Based on the results of experiment I, another set of 
diets were prepared to further define the TSAA requirement. In Experiment II, diets 
were prepared to contain the total sulphur amino acid requirement as determined in 
experiment I (14.7 g kg"' dry diet). Diets containing 10.7 g kg"' methionine with 4 g 
kg"' cystine at six different methionine+cystine ratios as 90:10, 80:20, 70:30, 60:40, 
50:50 and 40:60 on an equimolar sulphur basis were prepared (Table 3). The diets 
prepared were assigned the names as MCI, MC2, MC3, MC4, MC5 and MC6. 
Dietary methionine and cystine levels of the amino acid test diets used in 
experiment I and II were confirmed by amino acid analysis using an Automated 
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Amino Acid Analyzer (Hitachi L-8800, Tol^ yo, Japan). Analyzed dietary amino acid 
values were found to be very close to the intended values (6.4, 8.1, 9.3, 11.2, 12.4, 
13.8 g methionine kg"' and 4.1 g cystine kg"' of the dry diet) for the test diets used in 
experiment I. The analyzed methionine and cystine levels of diets used in experiment 
11 were found to be 12.4 g methionine kg"' and 2.1 g cystine kg"' (MCI), 10.4 g 
methionine kg"' and 4.2 g cystine kg"' (MC2), 8.5 g methionine kg"' and 5.9 g cystine 
kg"' (MC3), 7.2 g methionine kg"' and 7.4 g cystine kg"' (MC4), 5.5 g methionine kg"' 
and 8.9 g cystine kg"' (MC5) and 4.1 g methionine kg"' and 10.1 g cystine kg' (MC6) 
diets. Since the digestible or metabolizable energy values for the ingredients used in 
the test diets are not available for fmgerling Singhi, digestible energy was calculated 
using conversion factors 35.5, 18.8 and 14.6 MJ kg"' for fat, protein'and carbohydrate, 
respectively (Jauncey 1982). 
Water stability of amino acid test diets 
Water stability of the amino acid test diets were checked as per the method described 
under General Methodology section (page 14). The amino acid analysis of these 
dietary samples exhibited that after immersion in water for 30 minutes, no significant 
(P>0.05) leaching loss of the amino acids from the diets occurred. 
Fish rearing and acclimation 
Fish rearing and acclimation procedures were same as has been discussed under 
General Methodology section (page 9). 
Feeding trial, feeding regime and weekly measurements 
For conducting experiment I, fingerling H. fossilis (mean body weight 6.9±0.I g; 
mean body length 10.9±0.2 cm) were sorted out from the above acclimated lot and 
stocked in quadruplicate groups in 70-L circular polyvinyl troughs (water volume 55 
L) fitted with a continuous water flow-through (1-1.5 L min"') system at the rate of 20 
fish per trough for each dietary treatment level. Each treatment was replicated four 
times (n=4). For Experiment II, fingerling Heteropneustes fossilis of almost sintiilar 
size (mean body weight 7.2±0.2g; mean body lengl;h n.3±0.1cm) were selected. 
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Feeding trial was conducted following the same standard procedures as employed for 
Experiment 1. 
Fish were fed test diets in the form of semi-moist balls (330 g kg" moisture; 5 
mm in diameter) to apparent satiation as per earlier discussed feeding schedule. The 
fish were carefully observed during feeding to ensure satiety. The unconsumed feed. 
if any, was collected soon after active feeding, dried and weighed to measure the 
actual amount of feed consumed for FCR calculation. The feeding trial lasted for 8 
weeks (48 feeding days). Initial and weekly weights were recorded individually on a 
top-loading balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, Zurich, 
Switzerland). Before every weighing session, fish were fasted for 24 h to empty their 
guts. To avoid stress, above measurements were taken under moderate anesthesia 
(100 mg L'' MS-222, Tricane Methane Sulphonate, Sigma, St Louis, MO, USA). 
Fishes were exposed to KMn04 solution (1:3000; Loba Chemie, India) after each 
weighing so as to prevent infections caused by handling. Faecal matters were 
siphoned before and after every feeding. 
Analysis of water quality parameters 
Water quality indices were monitored twice daily during the feeding trial following 
standard methods (APHA 1992) discussed under the General Methodology section 
(page 14). The range of water temperature, dissolved oxygen, free carbon dioxide, 
pH, total alkalinity, ammonia nitrogen-N, nitrite nitrogen-N and nitrate nitrogen-N 
based on daily measurements were between 27.5-28.IT, 6.4-7.1 mg L'', 6.9-10.2 mg 
L"', 7.4-7.7, 64.9-80.7 mg L'', 0.05-0.07 mg L"', 0.05-0.011 mg L"' and 0.04-0.08 mg 
L', respectively. 
Nucleic acid estimation 
After the termination of feeding trial, 5 fish from each replicate of the treatment 
groups (n=4x5) were randomly euthanized with MS-222 (100 mg L"') and white 
muscle tissue was removed. Four subsamples of the tissue samples for each replicate 
of the treatment group (n=4x4) were taken for the determination of RNA and DNA. 
Nucleic acids were extracted from the muscle using a modified Schmidt-Thannhauser 
method as described by Moss (1994). RNA was estimated as per the method of 
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Mejbaum (1939) and a dual wavelength method of Wilder & Stanley (1983) was 
employed for the estimation of DNA content. The details of these determinations are 
given under the General Methodology section (page 17-18). 
Sample collection and proximate analysis 
Fishes were fasted for 24 h to empty their guts before sampling. A pooled sample of 
30 fish from the initial stock and five subsamples of 6 fish per replicate of the 
treatment (n=4x5=20) were taken at the end of the experiment and stored at -20T for 
subsequent whole body composition analyses. Proximate composition of casein, 
gelatin, experimental diets, and initial and final body composition was estimated as 
per AOAC (1995) detailed under General Methodology section (page 18-23). 
Estimation of gross energy densities of ingredients, dietary samples and whole body 
Energy densities of the amino acid test diets were calculated on the basis of fuel 
values 23, 20.19, 24.24, 16 and 37.6 MJ kg'' for casein, gelatin, amino acids, dextrin 
and fat respectively, determined using a Gallenkamp ballistic bomb calorimeter 
(Gallenkamp, Loughborough, UK). The analyzed gross energy values of amino acid 
test diet Ml of Experiment I and MCI of Experiment II have been provided in Table 
1 and 3. The energy contents of initial and final whole body fish samples were also 
analyzed and the values were utilized to calculate the energy deposition in fish body. 
Amino acid analysis 
Amino acid analysis of casein, gelatin, reference protein (380 g kg'' whole chicken 
egg protein), experimental diets, and initial and final fish body was performed 
according to Khan and Abidi (201 la) detailed under General Methodology section 
(page 23-24). Analyzed amino acid composition of whole chicken egg and amino acid 
test diets Ml and MCI used in experiments I and II are presented in Table 2 and 4. 
Cataract check 
At the end of the experiment, 6 fish from each replicate of the treatment (n=4x6) were 
randomly sampled, decapitated and the lens was removed aseptically from the left 
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eye. The lenses were examined as per the method detailed under General 
Methodology section (page 17). 
Calculations 
Calculations of various growth parameters were made according to the standard 
definitions as described under General Methodology section (page 25-27). 
Statistical A n alysis 
Data were statistically analysed as per the standard methods given under General 
Methodology section (page 27). 
RESULTS 
Experiment I: Methionine requirement 
Growth Performance 
Results pertaining to absolute weight gain (AWG g fish''), feed conversion ratio 
(FCR), protein deposition (PD fish'), energy deposition (ED fish"'), RNA: DNA ratio 
and methionine retention efficiency (MRE%) of the respective treatments obtained 
after 48 days of feeding are given in Table 5. These parameters showed a quadrafic 
response. Dietary inclusion of methionine at 11.2 g kg"' in the presence of 4 g kg"' 
cysfine (M4) promoted significantly greater (P<0.05) weight gain (44.8 g fish"'), best 
feed conversion ratio (1.59) and resulted in maximum protein (0.28 fish"') and energy 
deposition (0.64 fish"'), and RNA:DNA raUo (3.74) in fingerling Singhi. Methionine 
retention and protein deposition were least in groups offered diet with 6.4 g kg"' 
methionine of the dry diet (Ml). The above parameters remained almost unaltered 
(P>0.05) in fish fed diet M5 containing 12.4 g kg"' of the dry diet excepfing the ED 
fish"' and MRE% which showed a significant decline (P<0.05). However, further 
increase in dietary methionine in fish fed diet M6 resulted in a significant decline 
(P<0.05) in all the above parameters. 
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Body composition 
Body composition data of tlie fisli fed diets with different levels of methionine are 
listed in Table 6. Significant differences (P<0.05) in body protein content of fish fed 
diets Ml, M2, M3 and M4 were noted. No significant (P>0.05) difference in fish fed 
diets M4 and M5 was evident. However, further increase in dietary methionine in fish 
fed diet M6 resulted in a significant decline (P<0.05) in body protein content. Body 
fat content offish showed a negative correlation (Y=a+bX; R^=-0.998) in response to 
incremental levels of dietary methionine in all the treatment. Body moisture content 
increased significantly (P<0.05) with the increase in dietary methionine throughout 
the treatments. However, body ash remained almost unchanged (P>0.05) in response 
to incremental levels of dietary methionine. 
Nucleic acid indices 
There occurred a linear increase in the RNA concentration with the increase in dietary 
methionine up to 11.2 g kg"' of the diet (M4). A significant decline (P<0.05) in the 
RNA content was recorded with further increase in dietary methionine concentrations 
at 12.4 g kg"' (M5) and 13.8 g methionine kg"' (M6) of the diet (Table 6). The 
second-degree polynomial regression analysis of RNA:DNA ratio and dietary 
methionine levels (Y=aX^+bX+C, R^=0.999) indicated that fish attained high value of 
RNA:DNA ratio at 10.3 g methionine kg"' of the dry diet. 
Quadratic-regression analysis showed that weight gain, feed conversion ratio, 
protein and energy deposition and methionine retention efficiency were the quadratic 
funcfion of dietary methionine intake (Fig. 1, Fig. 2 and Fig. 3). The relafionships 
were best described by the equations: 
Y95% max AWG g fish ''=-0.71035X^18.74757X-79.8;5027; (R^=0.957) P<0.05 
Y95%,.,nFCR=0.06923X -^1.58527X+l0.56364; (R-^ =0.9705) P<0.05 
Y95%maxPD fsh"' =-0.00517X^+0.12872X-0.53354: (R^=0.96233) P<0.05 
^ 9 5 % max ED fish "'=-0.01603X^+0.36216X-1.4266; ( R M . 9 6 3 9 ) P<0.05 
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Y95% max MRE%=-175.79635X^+16.67829X-206.06]; (R^=0.975) P<0.05, 
respectively 
Based on above equations, optimum dietary methionine required to produce 
maximum gain in weight, protein deposition and energy deposition, methionine 
retention efficiency, and to attain best FCR was calculated to be at 10.8, 10.8, 10.3, 
10.9 and 10.7 g kg'' of the dry diet. The above mathematical analyses indicated that 
these response variables were best attained at 10.7 g methionine kg"' dry diet, 
corresponding to 28.2 g methionine kg'' protein, in the presence of 4 g kg'' cystine of 
the dry diet. 
Experiment 11: Cystine replacement value 
Growth Performance 
Growth parameters responded quadratically (P<0.05) to varying ratios of methionine 
and cystine in the diets (Table 7). Replacement of methionine with cystine in fish fed 
diets containing different ratios such as 90:10 (MCI), 80:20 (MC2), 70:30 (MC3) and 
60:40 (MC4) did not affect growth significantly (P>0.05). However, further 
replacement of methionine with cystine (50:50) and (40:60) in fish fed diets MC5 and 
MC6 resulted to significantly depressed growth (Fig 4) indicating that cystine can 
replace upto 40% of the total sulphur amino acid. 
Body composition 
Body protein was found to be maximum and almost constant in fish fed diets MCI 
(90:10), MC2 (80:20), MC3 (70:30) and MC4 (60:40) beyond which (MC5 and MC6) 
a significant fall (P<0.05) in body protein was recorded. Body fat content showed a 
significant (P<0.05) linear increase (Y=a+bX: R =+0.998) with increasing 
replacement of methionine with cystine. Moisture content exhibited a reverse trend to 
that of the body fat content (Y=a+bX; R^=0.998). The body ash content remained 
almost unaltered (P>0.05) among the groups (Table 8). 
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Nucleic acid indices 
The muscle RNA content of Heteropneustes fossilis responded in a quadratic manner 
in fisli fed diets containing varying ratios of dietary metiiioninexystine on equimolar 
sulphur basis. Muscle RNA concentrations remained significantly highest (P<0.05) 
and almost unaltered among the groups fed diets MCI to MC4 supplying up to 40% 
of the TSAA as cystine. However, significant decline (P<0.05) in RNA concentration 
and RNA: DNA ratio was recorded when fish were fed with the diets MC5 and MC6 
wherein 50 and 60% of the TSAA was supplied as cystine (Table 8). 
The AWG g fish"' (Fig. 4), PD fish"'. RNA:DNA ratio and MRE%data (Y), 
when plotted against varying ratios of dietary methionine:cystine (X), registered their 
best values when 39.9, 39.9, 39.8 and 39.8% of the TSAA was supplied as cystine 
indicating that cystine can furnish 39.8-39.9% of the TSAA requirement in fingerling 
Singhi. 
The quadratic regression equations employed to establish the relationship have 
been provided in Table 9. 
DISCUSSION 
Information regarding dietary essential amino acid requirements are necessary for 
developing amino acid-balanced aquafeeds that ensure cost-effectiveness, higher 
protein growth and minimal environmental degradation. It was verified that the first 
symptom of dietary methionine deficiency was a reduction of appetite in the animals. 
When adequate feeding was given after methionine-deficient diet, the feed intake 
values were adjusted to the normal level on the same day (Goulart et al. 2011). A 
number of studies have concluded that fish, like many other animals, are capable of 
sensing nutritional inadequacy in diets and reduce intake of deficient diets. In a study 
conducted by Yamamoto et al. (2001), it was reported that rainbow trout were able to 
discriminate between lysine deficient and lysine balanced diet. Feed consumption 
decreased when fed lysine deficient diet and improved on its supplementation. In 
present study fingerling H.fos.silis fed diets containing 6.4 (Ml) and 8.1 g methionine 
kg''(M2) resulted in consistently poorer performance. Reduction in feed intake offish 
fed diets containing lower amounts of methionine (Ml and M2) than those fed diets 
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M3 and M4 was noted. Since there were no differences in diet composition excepting 
the amount of methionine, this above reduction in feed intalce of the fish fed diets Ml 
and M2 is only due to deficiency of methionine. Data on feed intake of the fish fed 
diets in Experiment 1 indicated that methionine deficiency results in reduced growth, 
feed intake and efficiency of nutrient ufilization. 
Maximum vv'eight gain, protein and energy deposition, RNA:DNA ratio, 
methionine retention and body composition and best feed conversion was recorded in 
fish fed diet containing 11.2 g kg"' methionine (M4). Increase in protein and energy 
deposition, RNA:DNA ratio and methionine retention with the increase of dietary 
methionine up to 11.2 g kg"' of the diet (M4) may be due to the fact that increase in 
dietary methionine led to increase in protein synthesis and best growth. Shearer 
(2000) suggested that the quadratic regression method is superior to the conventional 
broken-line analysis to obtain a more accurate estimation of the optimum dietary 
nutrient level, supporting the best growth response. Since in practice it is not possible 
to formulate diets that give 100% response, we have taken a percentage as 95% of the 
maximal quadratic plateau (Baker, 1986) to determine the optimum dietary total 
sulphur amino acid requirement and cystine replacement value for fingerling Singhi. 
Hence, quadratic regression analysis of AWG g fish'', FCR, PD fish'', ED fish'', 
RNA:DNA ratio and MRE% vs. dietary methionine at 95% maximum and minimum 
response was carried out which indicated dietary methionine level at 10.7 g kg"' (in 
the presence of 4 g cystine kg'') of the dry diet, corresponding to 28.2 g kg'' of the 
protein is optimum for growth and protein deposition in Singhi which corresponds 
very well with published estimates of the methionine requirements of various other 
cultivable warmwater finfish species (Table 10). 
The validity of RNA: DNA ratio as an index of nutritional condition has been 
shown in numerous studies (Clemmensen, 1987, 1996; Westerman and Holt, 1994). 
Ribonucleic acid is directly involved in protein synthesis (Buckley, 1980). Its use as a 
growth indicator is based on the premise that the amount of RNA in cell varies in 
proportion to the amount of protein synthesis. Any factor that prevents or slows down 
growth is reflected by a reduced RNA:DNA ratio. Since amino acids are the 
precursors of protein and deficiency or excess of one or more essential amino acids 
limits protein synthesis (Litaay et al. 2001), significant decline in the RNA:DNA ratio 
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at deficient (6.4, 8.1, 9.3 g kg" of the dry diet) and surfeit (12.4 and 13.8 g kg"' of the 
dry diet) levels of dietary methionine in experiment 1 and in fish fed diets MC5 and 
MC6 in experiment 11 was mainly due to the imbalanced methionine content in these 
diets which probably led to inefficient utilization of methionine for protein synthesis 
and hence decline in RNA:DNA ratio in fish fed these diets. 
By virtue of their particular structural or metabolic features, methionine is the 
most toxic of the amino acids and excessive intake results in impaired growth and 
toxicity in various animal models (De Mello, 1994; Harper et al. 1970). Its toxicity is 
thought to be due to the accumulation of S-adenosylmethionine (SAM) In the liver 
(Regina et al. 1993). Methionine is recognized as the most growth-depressing amino 
acid when fed in huge excess to farm livestock (Baker, 2006) and various fish species 
(Kaushik and Luquet, 1980b; Jackson and Capper, 1982; Borlongan and Coloso, 
1993; Murthy and Varghese, 1998; Mai et al. 2006; Zhou et al. 2006). In present 
study also, fish fed dietary methionine at 12.4 g kg"' of the diet (M5) exhibited no 
significant (P>0.05) gain in weight and feed conversion ratio. This suggests that the 
methionine level has not reached a toxic level in this diet. However, further inclusion 
of dietary methionine at 13.8 g kg"' of the diet (M6) resulted in significant (P<0.05) 
growth retardation in Singhi indicating its toxicity at this level. Similar reductions in 
growth in response to excessive levels of methionine in the diet have been observed in 
rats by Harper (1958) and Sauberlich (1961). Fingerling Hetewpneustes fossilis fed 
the methionine deficient diets did not exhibit any lens opacity. Similarly, Thebault et 
al. (1985), Hidalgo etal. (1987) in their studies on sulphur amino acid nutrition of sea 
bass, Abidi and Khan (2011) in Rohu and Khan and Abidi (201 Ic) in Mrigal did not 
observe cataract when fed diets deficient in methionine. 
Flesh quality is of increasing concern to the aquaculture industry. One of the 
factors affecting the quality of carcass in fish is the fat content. Fish fed deficient 
levels of dietary methionine at 6.4 (Ml), 8.1 (M2), 9.3 g kg"' (M3) of the diet were 
found to be fattier at the end of the experiment. However, groups fed diet M4, M5 and 
M6 did not accumulate fat in the body and significant (P<0.05) declining trend was 
recorded for body fat content in fish fed these diets. Excessive fat deposition in fish 
tissues may affect processing yield, product quality and storage stability of the final 
product and consequently its commercial value (Cowey, 1993). Methionine interacts 
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with the lipid metabolism by stimulating the oxidative catabolism of fatty acids via its 
role in carnitine synthesis, thus offering a potential for reduced carcass fatness in 
commercial production (Schutte et al. 1997). This hypolipidemic effect may also be 
due to taurine synthesis from methionine when dietary excess of methionine is 
encountered. Methionine is one of the most toxic amino acids. It causes growth 
retardation, tissue damage and iron deposition in the spleen. Therefore, a dietary load 
must be processed immediately (Huxtable, 1999). One of the important routes of 
disposal of sulphur amino acids is the taurine formation. Taurine plays an important 
role in conjugation of bile acids that are formed from cholesterol in the liver 
suggesting that there is a close relationship between taurine and cholesterol 
metabolism. Since taurine stimulates hepatic bile synthesis (Ogawa, 1996), significant 
reduction in body fat content in fish fed diets M5 and M6 may probably be due to 
increased mobilization of fat towards this. 
In second experiment, almost similar growth performance was attained by the 
groups fed diets MCI, MC2, MC3 and MC4 with a methioninexystine ratio of 90:10. 
80:20, 70:30 and 60:40. Body protein of fish fed above diets was also found to be 
significantly higher compared to those fed MC5 and MC6 diets. Although cystine was 
deficient in MCI diet (2.2 g kg"' of the diet), this diet had methionine in excess 
amount (12.5 g kg"' of the diet) which even after being utili:zed for trans-sulphuration 
was adequately available for protein synthesis. This may probably be the reasons that 
the fish fed MCI diet also attained almost similar growth and carcass quality as 
attained by the groups fed MC2, MC3 and MC4 diets. Since cystine can be 
synthesized from methionine in animals including fish, it is considered non-essenfial 
in the diets. However, if body can not fulfill its cystine needs, a portion of the 
methionine gets converted to cystine for incorporation into protein. Thus methionine 
becomes less than the optimum which adversely affects the growth performance and 
body composition. However, this was not the case in our study due to above 
mentioned reason. Methionine at 80:20, 70:30 and 60:40 combinafions in diets MC2, 
MC3 and MC4 was maximally being used for protein synthesis and none towards 
trans-sulphuration as cystine was optimum at these combinations and hence 
methionine was mostly being utilized for tissue building. Therefore, superior growth 
and carcass quality was exhibited by fish fed these diets. However, in fish fed MC5 
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and MC6 diets, methionine was deficient and hence resulted to growth retardation and 
inferior carcass quality in these groups. The results indicate that dietary inclusion of 
methionine and cystine together as per the requirement of the Heteropneustes fossilis 
is necessary. This further strengthens to the fact that fish have a total sulphur amino 
acid requirement rather than a specific methionine requirement. 
Results of Experiment II suggest that cystine could meet up to 40% of the 
TSAA requirement (on a sulphur molar basis) in diets of Heteropneustes fossilis 
without any adverse effects on growth or feed conversion. Since the performance of 
fish in terms of weight gain, feed conversion, PD fish'', EE> fish"', RNA:DNA ratio 
and 1VIRE% was superior in fish fed diet upto MC4 where the methionine:cystine ratio 
was 60:40 on molar basis. Quadratic regression analysis of weight gain, protein 
deposition, RNA:DNA ratio and methionine retention at 95% maximum quadratic 
response indicated that cystine can provide at least 39.9% of the requirement for total 
dietary sulphur amino acids in fingerling Heteropneustes fossilis to achieve maximal 
growth performance. The replacement value of cystine for methionine as 39.9% (on a 
sulphur molar basis) obtained in this study is lower than the values reported for blue 
tilapia, Oreochromis aureus, 44% (Liou, 1989), chinook salmon, Oncorhynchus 
tshawystcha, 50% ("NRC, 1993), Nile tilapia, Oreochromis niloticus, 49% (Nguyen 
and Davis, 2009), red drum, Sciaenops ocellatus., 50% (Goff and Gatlin, 2004) and 
channel catfish, Ictalurus punctatus, 60% (Harding et al. 1977). It is more nearly in 
line with the replacement value reported for Rohu, Labeo rohita as 33-39% (Abidi 
and Khan, 2011) and blue tilapia, Oreochromis aureus 40% (Becker et al. 1955). 
Discrepancies observed in dietary total sulphur amino acid requirement among 
fish species may also be due to methodological bias imposed by experimental design, 
water quality, water flow rate, and conditions such as the model used to estimate 
requirements (Tacon and Cowey, 1985; Chiu et al. 1988; Luzzana et al. 1998; 
Simmons et al. 1999; Montes-Girao and Fracalossi, 2006; Dairlki et al. 2007), the 
nature of the protein sources of test diets, energy density of the diet, digestibility, the 
reference protein whose amino acid pattern is being emulated (De Silva et al. 2000, 
Forster and Ogata, 1998), fish size and age, culture protocols and different overall 
levels of performance by the fish (Ruchimat et al. 1997b; Bureau and Encarna9ao, 
2006). Several studies have demonstrated that the choice of the dependent variable is 
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an important factor affecting the shape of the dose-response curve and hence the 
calculated amino acid requirement. It is, therefore, conceivable that the disparities 
noted in the magnitude of the cystine-sparing effect may also be due to differences in 
assay methodologies and the species of the fish. 
Based on the results of this study, the most economical dietary methionine 
requirement determined from the second-degree quadratic regression analysis of 
AWG g fish"\ FCR, PD fish"', ED fish"'. RNA:DNA ratio and MRE% data at 95% 
confidence limits is found to be at 10.7 g kg"' of the dry diet in the presence of 4 g kg" 
cystine, that corresponds to 28.2 g kg"' dietary protein. However, the TSAA 
requirement of 14.7 g kg"' of the dry diet of which 39.9% or 7.6 g kg"' of the dry diet 
could be furnished as cystine on an equimolar sulphur basis. Hence, in terms of total 
sulphur amino acid requirement inclusion of 7.1 g kg"' methionine and 7.59 g kg"' 
cystine of the dry diet is recommended. Information generated may be used in 
formulating total-sulphur amino acid-balanced, commercial feeds for the intensive 
culture of H.fossilis. 
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SUMMARY 
Heteropneustes fossilis is found in most of the Asian countries and iias iiigii consumer 
demand due to its recuperative and medicinal qualities. Being a lean fish with high 
iron content, it is recommended to people suffering from anaemia and cardiac 
diseases. In view of the above, two 8-week feeding trials were conducted to determine 
total sulphur amino acid requirement (TSAA) and cystine replacement value for 
fmgerling Singhi, Heteropneustes fossilis. In experiment I, six casein gelatin based 
isonitrogenous (380 g kg"' CP) and isocaloric (17.9 MJ kg" GE; 15.3 MJ kg' DE) 
amino acid test diets with graded levels of methionine (6.5, 8, 9.5, 11, 12.5, 14 g kg'' 
of the dry diet) were prepared. Cystine was maintained at 4 g kg"' in all the diets. The 
diets were fed to quadruplicate groups of randomly assigned fingerlings (6.9 ± 0.1 g; 
10.9 ± 0.2cm) to apparent satiety twice daily at 28°C water temperature in a flow-
through system (1-1.5 L min"'). Based on the quadratic regression analysis at 95% 
maximum and minimum response of absolute weight gain (AWG g fish"'), feed 
conversion ratio (FCR), protein deposition (PD fish"'), energy deposition (ED fish"'), 
RNA:DNA ratio and methionine retention efficiency (MRE%), methionine 
requirement was determined to be 10.7 g kg"' of diet, corresponding to 28.2 g kg"' of 
the dietary protein. Hence, TSAA requirement was found to be 14.7 g kg"' of the dry 
diet (10.7 g kg"' miethionine+4 g kg"' cystine). To find out the cystine replacement 
value for methionine, six diets with various ratios of methionine:cystine (90:10, 
80:20, 70:30, 60:40, 50:50, 40:60) on equimolar sulphur basis as per the TSAA 
requirement determined in experiment I (14.7 g kg"') were prepared and fed to 
fingerling H. fossilis {12 ± 0.2 g; 11.3 ± 0.1 cm) under identical laboratory 
conditions. The quadratic regression analysis of AWG g fish", FCR, PD fish", ED 
fish"', RNA:DNA ratio and MRE% at 95% maximum and minimum quadratic 
response projected that cystine could replace up to 39.9% of methionine requirement 
on an equimolar sulphur basis without hampering growth. On the basis of above 
results, the total sulphur amino acid requirement of the H. fossilis is recommended to 
be 14.7 g kg"' diet (7.1 g kg"' methionine+7.6 g kg"' cystine) of which 39.9% was 
spared by cystine. 
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Fig. 1. Quadratic relationship of dietary methionine concentrations vs absolute 
weight gain and feed conversion ratio. Values are means±SD of 4 replicates 
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CHAPTER 6 
TOTAL AROMATIC AMINO ACID REQUIREMENT AND TYROSINE 
REPLACEMENT VALUE FOR FINGERLING STINGING CATFISH, 
HETEROPNEUSTES FOSSILIS (BLOCK) DETERMINED BY GROWTH, 
PROTEIN DEPOSITION, PHENYLALANINE UTILIZATION EFFICIENCY 
AND HEMATOLOGICAL PARAMETERS 
INTRODUCTION 
Due to superior quality and the ability to sustain most of the dietary requirements, fish 
has become a rationale diet for humans. In this regard, role of aquaculture becomes 
important for improving food security, raising nutritional standards and alleviating 
poverty. Although the increased demand for fish as a result of rapid population 
growth and preference over other animal protein has increased the growth of 
aquaculture, there is increasing pressure on its intensification which relies on 
formulated diets that meet the nutritional requirements of the target species. To 
develop suitable diets for fish, minimize food wastage, promote efficient, food 
conversion, maximize protein deposition in the animal and also, to maximize growth 
performance under culture conditions, knowledge of nutritional needs of the species 
chosen for culture is prerequisite. Protein is an important constituent of the formulated 
fish feed and is the most expensive macronutrients. It is the initial source of 
nitrogenous waste products entering a culture system. It is the source of building 
material for growth and is important in the production of enzymes (Steffens 1989). 
Protein is made up of amino acids which are increasingly being recognized as having 
important modulating effects on metabolic pathways outside their roles as protein 
constituents (Meijer 2003). The dietary requirement for protein is in fact a 
requirement for a well-balanced mixture of essential and non-essenfial amino acids 
(Wilson 2002) and hence a well-balanced amino acid composition in feeds is 
important to obtain optimal growth. In order to know the exact protein requirement of 
a species, it is advisable to work out the requirements in terms of its amino acid 
composition. The greater the deviation in the amino acid pattern of the dietary protein 
from the pattern of amino acid requirements, the less efficiently it will be used 
(Harper & Yoshimura 1993). A deficiency of one or more essential amino acids in the 
diets may impede physiological functions that causes reduced growth and feed 
conversion. All fish species studied so far have been shown to require the 10 essential 
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amino acids in their diets for maximum growth (Wilson 2002), therefore, satisfying 
the essential amino acid requirements of a species is of utmost importance for 
preparing amino acid balanced diets. Therefore, the optimum supply of dietary 
essential amino acids is a prerequisite for adequate growth of the fish. 
Of the ten essential amino acids, phenylalanine is an aromatic amino acid. It is 
the precursor for tyrosine which in turn is the precursor for the growth hormone 
thyroxin that is needed for the normal growth and metabolic processes of the body. 
Owen et al. (1999) have proved through their experiments that phenylalanine is a 
precursor of many substances of biochemical importance other than protein. Fish 
larvae metamorphosis is a critical rearing point where phenylalanine is used as an 
important precursor for thyroid hormone, dopamine and catecholamines. Being the 
backbone of thyroid hormone and high constituents of thyroid proteins, phenylalanine 
is of special concern for the fish larvae. It is used preferentially for the synthesis of 
other compounds of metabolic importance such as hormones and neurotransmitters. 
Deficiency of this amino acid results in an immediate reduction in feed intake 
followed by loss in weight gain and a negative nitrogen balance (Milner 1979). The 
early investigations of Rose et al (1955) on the amino acid needs of the human 
established phenylalanine as one of the 8 amino acids that must be supplied in the diet 
for the maintenance of nitrogen equilibrium in the adult male. Its requirement is 
influenced by the dietary adequacy of tyrosine which is a conditionally essential 
amino acid and is considered non-essential among fishes. Tyrosine is also converted 
into L-dopa, dopamine, norepinephrine and epinephrine which are three key 
neurotransmitters and transmit signals between nerve cells (Gibson et al. 2002). In 
animals, tyrosine-deficient diets have been reported to decrease DOPA accumulation 
(Femstorm & Femstorm 1995). Tyrosine has also been found to be useful in 
controlling appetite. Therefore, for determining true dietary requirement for 
phenylalanine, tyrosine should also be included at the adequate level in the diet and, 
hence the requirement should be determined in terms of total aromatic amino acid 
(phenylalanine+tyrosine). 
In present study, the total aromatic amino acid requirement and tyrosine 
replacement value for phenylalanine was estimated using dose-response curve which 
is considered in principal as a method for determining dietary requirements (Cowey 
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1995). Since the growth is dependent upon the rate of protein synthesis, the 
RNA/DNA ratio has also been sensitive to the levels of essential nutrients in the body 
and can be used as an index offish growth. Although the quantity of DNA is believed 
to be normally stable even under fluctuating environmental conditions, RNA is 
closely related to the rate of protein synthesis (Bulow 1970). Therefore in present 
study, RNA/DNA ratio has also been used as a sensitive tool (Bulow 1970, 
Ciemmesen 1994, Gwak & Tanaka 2001, Sharma et al. 2006, Cheung et al. 2007, 
Tanaka et al. 2007, Sivaraman et al. 2009, 2012) to estimate the nutritional conditions 
and growth of the fish. The hematological assay is nonnally used as a general 
indicator offish health (NRC 2011) and it has also been proposed that nutritionally 
deficient diets cause decrease in haemoglobin concentration, and reduced haematocrit 
and red blood cell count (Tacon 1992) and the RBCs counts are one variable that is 
most consistently affected by dietary influences. Therefore, during this experiment, in 
addition to the conventional growth parameters, RNA/DNA ratio and hematological 
parameters have also been used as the biochemical parameters for generating more 
precise data on total aromatic amino acid (phenylalanine+tyrosine) requirement and 
replacement value of tyrosine for phenylalanine for fingerling Singhi. 
The silurid fish Heteropneustes fossilis, the fish under study, commonly 
known as Singhi is found abundantly in most of the tropical and sub-tropical regions 
and is a highly-prized fish in the Asian market. It has high content of iron and fairly 
high content of calcium compared to many other freshwater fishes (Bhatt 1968; Saha 
& Guha 1939). Being a lean fish it is very suitable for people to whom animal fats are 
undesirable (Rahman et al. 1982). Over the last decades, the culture of this fish has 
intensified because of its high nutritional significance and hence consumer demand. 
However, due to the absence of feeding standards for this fish, farmers mostly rely on 
personal experience and feeding standards of other catfish species which hampers the 
quality and yield of this medicinally important food fish species. Therefore, the 
demand for the development of a cost-effective aquafeed that could maintain the 
growth and health status of this species has been increased. Also, the lack of 
consistent data on the essential amino acid requirements of this fish makes it difficult 
to correctly formulate diets to maximize its genetically determined growth potential. 
Information on complete ten dietary essential amino acid needs are available only for 
a limited number of cultured species (NRC 2011) and there is complete lack of 
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published data on the total aromatic amino acid requirement and tyrosine replacement 
value of fmgerling H. fossilis. In view of this, present study was conducted to 
determine phenylalanine requirement and tyrosine replacement value of fmgerling H. 
fossilis so that aromatic amino acid balanced cost-effective practical feeds could be 
prepared for the intensive aquafarming of this fish. 
MATERIALS AND METHODS 
Preparation of amino add test diets 
For conducting experiment I, casein-gelatin based basal diet (Table 1, diet 1) was 
supplemented with varying levels of phenylalanine while maintaining tyrosine at 8.7 g 
kg'' to prepare six isonitrogenous (380 g kg'' crude protein; CP) and isoenergetic 
(17.9 MJ kg'' gross energy; GE, 15.3 MJ kg'' digestible energy; DE) amino acid test 
diets (Pi, P2, P3, P4, P5 and Pe). Dietary ranges necessary to quantify the dietary 
phenylalanine requirement was fixed on the basis 6f the information available on 
other warmwater catfish species (Robinson et al. 1980a; Unprasert 1994). 
Experimental diets contained 380 g kg'" crude protein (CP) which was slightly lower 
than the optimum protein requirement (400 g kg"'; CP) reported by Siddiqui & Khan 
(2009). This reduction was made to ensure more efficient utilization of the limiting 
amino acids (Wilson 1989, Zhou et al. 2010) from the diet. In diets used for 
determining the phenylalanine requirement, levels of phenylalanine ranged between 
10 to 22.5 g kg'' dry diets with an increment of 2.5 g kg"' of dry diet. Total 
phenylalanine content contributed by the intact protein sources casein and gelatin was 
9.5 g kg"' of the dry diet. A total of 8.7 g kg'' dietary L-tyrosine was supplied by fixed 
amount of casein and gelatin in all the diets. No supplemental crystalline L-tyrosine 
was added in these diets. Crystalline L-amino acid mixtures were prepared taking into 
account the amount of amino acids contributed by casein and gelatin. The overall 
composition of amino acids in the test diets was simulated to that of 380 g kg'' whole 
chicken egg protein excluding the test c.mino acids phenylalanine and tyrosine. The 
amount of glycine on protein to protein basis was replaced by the incremental levels 
of phenylalanine in the diets. This adjustment was made to make the diets 
isonitrogenous. Diets were made isoenergetic by adjusting the amount of dextrin. 
Method of preparation of experimental diets has been described under General 
Methodology section (page 12-13). To confirm the calculated levels of dietary 
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phenylalanine, diets were analyzed using an automated Amino Acid Analyzer 
(Hitachi L-8800, Tokyo, Japan). The amino acid analysis of the prepared test diets 
revealed the phenylalanine concentrations as 10.1, 12.4, 15.1, 17.4, 20.2 and 22.4 g 
kg"' of the dry diet which are very near to the calculated values. Since the digestible 
or metabolizable energy values for the ingredients used are not available for flngerling 
H. fossilis, digestible energy of the diets was calculated using conversion factors of 
35.53, 18.81 and 14.63 MJ kg'' for fat, protein and carbohydrate, respectively 
(Jauncey 1982). Same procedures were adopted to prepare the amino acid test diets 
for experiment II and III. 
Test diets used for determining tyrosine requirement (Ti, T2, T3, T4, T5 and T^ 
were prepared to contain varying levels of L-tyrosine (3.5, 6, 8.5, 11, 13.5, 16 g kg"' 
dry diet; Experiment II). Level of L-phenylalanine was fixed at 16.6 g kg"' dry diet in 
all the diets as determined in experiment I. The levels of tyrosine were based on the 
information available on various other warmwater fish species (NRC 2011). The 
amino acid analysis of these diets revealed the tyrosine contents as 3.4, 5.9, 8.6, 11.1, 
13.3,15.8 g kg"'dry diet. 
For determining tyrosine replacement value (Experiment III), diets (Ri, R2, R3, 
R4, R5 and Rg) containing various ratios of tyrosine: phenylalanine (20:80, 30:70, 
40:60, 50:50, 60:40, 70:30) were prepared on a molar basis so that a specific ratio 
which could replace maximum amount of phenylalanine with tyrosine, reducing 
dependence on this expensive nutrient phenylalanine and saving the cost of the diet, 
be evaluated. The TAAA (Phenylalanine+Tyrosine) in diets for conducting 
Experiment III was fixed at 26.5 g kg"' dry diet (16.6 g phenylalanine kg"'+9.9 g 
tyrosine kg"' dry diet) as determined in Experiment I and II. Therefore, the calculated 
values of the tyrosine+phenylalanine as per the ratios 20:80, 30:70, 40:60, 50:50, 
60:40, 70:30 were 5.7 g kg"'+20.8 g kg"' (R,), 8.5 g kg"'+18 g kg"' (R2), 11.2 g kg"' 
+15.3 g kg"' (R3), 13.9 g kg"' +12.6 g kg"' (R4), 16.5 g kg"' +10 g kg"' (R5) and 19 g 
kg"' +7.4 g kg"' (Re) diets, respectively. The analyzed amino acid values were almost 
similar to the calculated values. Ingredients used and the proximate composition of 
basal diets (Basal diets I, II and III) used in Experiments I, II and III have been given 
in Table 1. 
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Water stability of amino acid test diets 
The water stability of the amino acid test diets was assessed with slight modification 
of Fagbenro & Jauncey (1995). The protocol for this has been described in detail 
under the General Methodology section (page 14). The analysis revealed that the 
prepared amino acid test diets were 97% water stable. 
Fish rearing and acclimation 
Fish rearing and acclimation was same as has been detailed under General 
Methodology section (page 9). 
Feeding trial, feeding regime and weekly measurements 
The mean weight and length of the fmgerling H. fossilis used for conducting 
experiments I, II and III were 6.1 (SE 0.1) g; 10.3 (SE 0.1) cm, 6.6 (SE 0.2) g; 10.5 
(SE 0.3) cm and 6.9 (SE 0.3) g; 10.8 (SE 0.2) cm. To avoid size heterogeneity, 
differential breeding of H. fossilis with same parents was adopted for conducting each 
feeding trial. Fish were stocked in quadruplicate groups in 70-liter circular polyvinyl 
troughs (water volume 55 liter) fitted with a continuous water flow-through (1-1.5 L 
min"') system at the rate of 20 fish per trough for each dietary treatment level. After 
carefully observing the feeding behavior and feed intake, fishes were fed test diets in 
the form of semi-moist balls (320 g kg"' moisture; 5 mm in diameter) to apparent 
satiation twice daily at 07:00 and 17:30 hours. During feeding particular attention was 
given to the consumption of the diet offered. Faecal matters were siphoned before 
dispensing the feed and after active feeding. The feeding trial lasted for 8 week. On 
the day of weekly measurements, fish were fasted for 24 hours to empty their guts and 
their mass weight recorded on a top-loading balance (Precisa 120A; 0.1 mg 
sensitivity, Oerlikon AG, Zurich, Switzerland) for calculating other growth 
parameters. To avoid stress, above measurements were taken under moderate 
anesthesia (100 mg L'' MS-222, Sigma, St Louis, MO, USA). Fishes were exposed to 
KMn04 solution (1:3000; Loba Chemie, India) before each weighing so as to prevent 
infection caused by handling. The subsequent feeding trials for experiment II and III 
were conducted under almost similar environmental conditions. The feeding trials 
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were conducted as per the guideline of our institutional ethic committee and the use of 
hatchery raised fmgerling does not infringe any provision of the said committee. 
Water quality analysis 
Water quality parameters were recorded following standards methods (APHA 1992) 
mentioned under General Methodology section (page 14). A daily record of average 
water temperature, dissolved oxygen, free carbon dioxide, total NH3-N, nitrite-N, 
nitrate-N, pH and total alkalinity was maintained according to the procedures of 
APHA (1992). Fish were kept under a natural photoperiod of 12 hours light:12 hours 
dark. 
Collection offish sample 
At the beginning and end of the 8 week feeding trial, fish were anaesthetized by 
subjecting to a moderate dose of 100 mg L"' MS-222, Sigma, St. Louis, MO, USA 
and killed by freezing at -20°C for subsequent whole body proximate analysis. A 
pooled sample of 30 fishes, was taken from the initial stock and analyzed for initial 
body composition. At the end of the experiment, 6 fishes from each replicate of 
dietary treatments were randomly sampled, pooled and 3 subsamples of each replicate 
from the pooled sample (n=4x3) were analyzed for final body composition. Before 
every sampling fish were starved for 24 hours. 
Proximate and gross energy density analysis of test diets and fish 
Proximate composition of casein, gelatin, experimental diets, and initial and final 
whole body was estimated using standard methods (AOAC 1995) detailed under 
Methodology section (page 20-25). 
Gross energy content of the amino acid test diets was calculated on the basis 
of fuel values 23, 20.19, 24.24, 16 and 37.6 MJ kg'' for casein, gelatin, amino acids, 
dextrin and fat, determined using a Gallenkamp ballistic bomb calorimeter 
(Gallenkamp, Loughborough, UK). To confirm the calculated levels of gross energy 
of the prepared amino acid test diets, each dietary sample was ignited in Gallenkamp 
ballistic bomb calorimeter. The analysis revealed a close agreement with the 
calculated values of the gross energy (Table 1). 
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Amino acid analysis of experimental diets and fish samples 
-1 Amino acid analysis of casein, gelatin, reference protein (380 g kg' whole chicken 
egg protein), experimental diets, and initial and final fish body was performed 
according to Khan & Abidi (2011a) detailed under General Methodology section 
(page 23-24). The results of the amino acid analyses of whole chicken egg protein and 
amino acid test diets. Pi, Ti and Ri, used in the three subsequent experiments are 
given in Table 2. 
Collection of Blood samples 
Blood samples were collected as per the methods detailed under the General 
Methodology section (page 16). 
Hematological assay 
The hematological analyses such as red blood cells (RBCs x 10^  mL''), hemoglobin 
content (Hb g dL"'), hematocrit value (Hct %) and the erythrocyte sedimentation rate 
(ESR mm hour"') were determined. The hematological measurements were performed 
as per the method described in General Methodology section (Page 16-17). 
Estimation of nucleic acids 
After the termination of feeding trial, 7 fish from each replicate of the treatment 
groups (n=4x7) were randomly euthanized with MS-222 (100 mg L"') and white 
muscle tissue removed. Quadruplicate tissue samples of each replicate of the 
treatment group (n=4x4) were taken for the determination of RNA/DNA ratio. 
Nucleic acids were extracted from the muscle using a modified Schmidt-Thannhauser 
method as described by Moss (1994). RNA was estimated as per the method of 
Mejbaum (1939) and a dual wavelength method of Wilder & Stanley (1983) was 
employed for the estimation of DNA content. The details of these determinations are 
given under the General Methodology section (page 17-18). 
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Calculations 
Calculations of various growth parameters were made according to the standard 
definitions described under General Methodology section (page 25-27). 
Statistical analysis 
Data were statistically analysed as per the standard methods given under General 
Methodology section (page 27). 
RESULTS 
Experiment I 
Water Quality Parameters 
The water quality parameters were measured three times daily at 07:00, 12:00 and 
18:00 hours. The average water temperature (28 (SE 0.2) °C), dissolved oxygen (5.4 
(SE 0.1) mg L-'), free carbon dioxide (8.3 (SE 0.1) mg U'), total NH3-N (0.24 (SE 
0.2) mg L"'), nitrite-N (4.2 (SE 0.1) mg L"'), nitrate-N (3.2 (SE 0.3) mg L"'), pH (7.4 
SE 0.1) and total alkalinity (79 (SE 2) mg L'') based on daily measurements, were 
within the acceptable limit for fingerling H.fossilis. 
Growth performance 
Fish showed a uniform increase in weight in all the diets within the first 15 days of 
feeding trials. The weight gain difference become significant (P<0.05) after the 15"' 
days of the feeding trial. At the end of the experiment, fish receiving 17.4 g kg'' 
dietary phenylalanine (P4) reflected significantly higher (P<0.05) absolute weight gain 
(AWG; 42.3 g fish"'), best feed conversion ratio (FCR; 1.65), protein deposition (PD; 
27%) and maximum phenylalanine utilization efficiency (PUE; 52%). However, fish 
reared on lower concentrations of phenylalanine in the diets (Pi, P2, P3) manifested 
reduced weight gain and feed conversion whereas those fed phenylalanine beyond 
17.4 g kg'' of the diet were unable to show any extra gain in weight or improvement 
in feed conversion and nutrient retention (P>0.05; Table 3). In order to have more 
precise information on dietary phenylalanine requirement of fingerling H.fossilis, the 
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above data were subjected to quadratic regression analysis. The relationship of AWG 
g fish'' data (Y) to dietary phenylalanine levels (X) was best established with a 
quadratic regression equation as ¥95% max =-0.2985X^+12.03518X-78.93031 (R^= 
0.976) indicated highest AWG g fish"' to be at 16.8 g phenylalanine kg'' dry diet 
(Fig.l). 
The quadratic regression analysis of FCR (Y) to dietary levels of 
phenylalanine (X) at 95% minimum response was used to fit the data which was 
described by the following equation: 
Y95o/.min =0.02135X^-0.78679X+8.77037 (R^= 0.951) 
Based on the above equation, best FCR occurred at 16.6 g kg'' of 
phenylalanine inclusion in the diet (Fig. 1). The PD% (Y) when plotted against 
dietary phenylalanine concentrations (X) at 95% maximum response was found to be 
best at 16.7 g phenylalanine kg"' of the dry diet. The relationship was best described 
by the following quadratic regression equation: 
Y95%max =-0.23123X^+8.7036X-54.70577 (R^= 0.996) 
The PUE% (Y) to dietary concentrations of phenylalanine (X) at 95% maximum 
response was best described by the following quadratic regression equation: 
Y95% max = -0.07208X^+2.76549X-21.23974 (R^= 0.99). 
Based on this equation, highest PUE%) occurred at 16.3 g kg'' phenylalanine in 
the diet (Fig. 2). 
Whole body composition 
Body composition of fingerling H. fossilis, fed different concentrations of dietary 
phenylalanine varied significantly (P<0.05; Table 3). Significantly lower (P<0.05) 
body protein was noted in fish fed diets containing low levels of phenylalanine at 
10.1, 12.4 and 15.1 g kg"' dry diet (Pi, P2, P3). However, body protein content was 
significantly maximum (168.9 g kg"' dry diet, P<0.05) for the groups fed dietary 
phenylalanine at 17.4 g kg"' (P4) of the dry diet which remained almost insignificant 
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(P>0.05) in fish fed diets containing higher concentration of phenylalanine at 20.2 and 
22.4 g kg'' of the dry diet (P5 and ?e). RNA/DNA ratio was also found to increase 
with the increase in dietary phenylalanine up to 17.4 g kg'' of the diet. No significant 
change was noted in fish fed 20.2 g phenylalanine kg'' diet. However, a significant 
fall (P<0.05) in RNA/DNA ratio was recorded for the groups fed diet Pe. Body fat 
content increased linearly (P<0.05) with the increase in dietary phenylalanine 
concentrations. No significant differences were detected in the ash content of the fish 
fed all the diets (P>0.05). 
Hematological parameters 
The changes in hematological characteristics offish fed diets with different levels of 
phenylalanine are presented in Table 3. The RBCs, Hb and Hct were found to be 
significantly low in fish fed diets containing inadequate level of phenylalanine (Pi, P2 
and P3). Fish fed 17.4 g phenylalanine kg'' diet exhibited significantly higher values 
(P<0.05) for the above blood parameters. However, these hematological profiles 
further exhibited the inferior values (P<0.05) for the groups fed P5 and ?(, diets. 
Erythrocyte sedimentation rate (ESR) were also significantly (P<0.05) affected by the 
dietary levels of phenylalanine. Fish fed diets P5 and Pe had higher ESR values than 
fed other diets. The data of the hematological parameters when subjected to quadratic 
regression analysis exhibited their best values at 16.5, 16.6, 16.7, 16.5 g 
phenylalanine kg'' of the diet. The quadratic equations employed to calculate the 
phenylalanine values have been given in the respective figures (Fig. 3 and Fig. 4). 
Phenylalanine requirement 
On the basis of the quadratic regression analyses, highest AWG g fish", best FCR, 
PD%, PUE%, and best physiological values of the hematological parameters such as 
RBCs xjO^ mL'', Hb g dU', Hct% and ESR mm hour"' occurred at 16.8, 16.6, 16.7, 
16.3, 16.5,16.6,16.7 and 16.5 g phenylalanine kg"' of the diet, corresponding to 44.2, 
43.7, 43.9, 42.9, 43.4, 43.7, 43.9 and 43.4 g phenylalanine kg"' of the dietary protein. 
The optimum L-phenylalanine requirement was, therefore, averaged to be 16.6 g kg" 
dry diet, corresponding to 43.7 g kg"' of the dietary protein. 
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Deficiency signs 
The 8-week feeding trial showed that the fish fed phenylalanine deficient diets 
exhibited reduced growth and anorexia. No other obvious deficiency signs or any 
external pathologies were observed in fingerling fed sub-optimum levels of dietary 
phenylalanine diets P], P2 and P3. Also, no diet related mortality or reduction in feed 
intake was apparent for the groups fed higher levels of the dietary phenylalanine 
revealing a higher tolerance of fingerling H. fossilis to excesses of phenylalanine in 
the diet. 
Experiment II 
Growth response 
Increasing levels of L-tyrosine had significant quadratic effects on the growth 
parameters of fingerling Singhi. Growth (AWG; 49.2 g fish''), feed conversion (FCR; 
1.6) and protein deposition (PD; 28%) were found to be best in fish fed dietary 
tyrosine at 11.1 g kg'' of the diet (T4). Fish fed diet with tyrosine at 13.3 g kg"' of dry 
diet (T5) reflected almost same growth performance. However, fish fed still higher 
concentration of dietary L-tyrosine at 15.8 g kg"' (Te) resulted to depressed weight 
and less efficient feed conversion (Table 4). 
The quadratic regression analysis at 95% maximum response of the AWG g 
fish"' exhibited the infliction point of this parameter to be at 9.9 g tyrosine kg"' of the 
dry diet. The quadratic equation used to establish the above relationship was; ¥950/0 max 
=-0.27396X^+7.43274X-2.36113 (R^= 0.969) 
Whole body composition 
Results of the whole body composition data of fingerling H. fossilis fed varying 
concentrations of dietary tyrosine are listed in Table 4. Significantly lower (P<0.05) 
body protein was noted in fish fed diets containing low levels of tyrosine (Ti, T2 and 
T3). However, body protein content was significantly higher (165 g kg' dry diet, 
P<0.05) for the groups fed 11.1 g tyrosine kg' of the dry diet (T4) whereas no 
significant improvement (P>0.05) in body protein offish fed higher concentrations of 
tyrosine at 13.3 (T5) and 15.8 (Te) g kg"' dry diet was evident. However, body fat 
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content exhibited linear increase in response to feeding varying levels of dietary 
tyrosine whereas the moisture content exhibited a reverse trend in fish fed tyrosine 
upto 11.1 g kg'' of the diet (T4), remained almost unaltered beyond this level of 
tyrosine inclusion. Body ash content remained almost unaltered in fish fed all the diets 
(P>0.05). 
Hematological parameters 
As shown in Table 4, RBCs, Hb, Hct and ESR in fish fed dietary tyrosine at 11.1 g kg" 
' in diet T4 were 3.59 (SE 0.3) x 10^  mL"', 13.9 (SE 0.4) g dL"', 33.5 (SE 0.4) % and 
2.26 (SE 0.2) mm hour"', respectively. These values were significantly higher 
(P<0.05) than those fed diets Ti, T2 and T3. Apart from Hb which differed (P<0.05) 
among all the dietary treatments, other hematological indices such as Hct% and RBCs 
did not (P>0.05) show any significant difference for the groups fed diets T5 and Te. 
The ESR values were however, not significantly affected (P>0.05) by the levels of 
dietary tyrosine. 
Data pertaining to Hb content (X) vs dietary tyrosine levels (Y) when 
subjected to quadratic regression analysis, highest Hb content at 95% maximum 
quadratic response was found to be at 9.8 g tyrosine kg'' of the diet. The quadratic 
equation used to calculate the tyrosine requirement was; Ygs% max --
0.06804X^+1.67123X+2.6823 (R^= 0.901). 
L-tyrosine requirement 
Based on the quadratic regression analyses of AWG (g fish') and Hb content (g dL'), 
dietary L-tyrosine requirement of fingerling H. fossilis is recommended at 9.9 g kg' 
of the dry diet, corresponding to 26.05 g tyrosine kg'' of the protein. 
Experiment III 
Growth response 
Replacement of phenylalanine with tyrosine in Ri (20:80), R2 (30:70), R3 (40:60) and 
R4 (50:50) did not indicate any significant change (P>0.05) on growth, feed 
conversion, protein utilization efficiency and protein deposition. However, a 
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significant decline (P<0.05) in above parameters was recorded at still higlier 
replacement of phenylalanine with tyrosine in diets R5 (60:40) and R6 (70:30) 
indicating that a maximum of 50% phenylalanine can be replaced by tyrosine (Table 
5) and dietary inclusion of phenylalanine and tyrosine together in a preferred 
combination as per the requirement of the fish is necessary. 
The quadratic regression analyses of AWG (Y) data against various ratios of 
tyrosine (X), at 95% maximum response revealed that 56% of TAAA in the diet for 
Singhi could be replaced by tyrosine (Fig. 5). The value was calculated by the 
following quadratic equation: 
Y95«/„max =-0.00863X^+0.68539X+28.73857 (R^- 0.877) 
When FCR (Y) was regressed against the tyrosine replacement values (X), at 
95%) minimum response, best FCR occurred at a tyrosine replacement value of 55%. 
The value was calculated by the quadratic equation: Ygso/^  mm =I.375X^-
0.01183X+].82557(R^= 0.782) 
Similarly, the PUE% (Y) to tyrosine replacement values (X) relationship was 
estimated by the following quadratic equation: 
Y95%max =-0.045 xV4.12429X -38.34286 (R^- 0.858) 
Based on the above equation, best PUE% occurred at a tyrosine replacement 
value of 56%. 
Whole body composition 
Body composition of H.fossilis fed diets with different tyrosine: phenylalanine ratio 
is depicted in Table 5. Body protein and RNA/DNA ratio remained unaffected for the 
groups fed dietary tyrosine and phenylalanine upto a ratio of 50:50 (R4), however, a 
significant decrease (P<0.05) in the body protein was noted for the groups receiving 
diets at tyrosine and phenylalanine ratio of 60:40 (R5) and 70:30 (R )^ indicating that 
protein synthesis rate was maximum up to dietary tyrosine: phenylalanine ratio of 
50:50 (R4). Body moisture content remained almost unchanged (P<0.05) with the 
increasing dietary tyrosine: phenylalanine ratio up to 50:50 (R4) and, thereafter 
(60:40; Rsand 70:30; R6), a significant decrease (P<0.05) in the moisture content was 
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noted. Body fat remained almost unchanged with the increasing ratio of dietary 
tyrosine: phenylalanine up to 50:50 (R4) beyond which a significant increase in body 
fat was noted. However, the body ash showed insignificant (P>0.05) change in fish 
fed diets containing different ratio of phenylalanine and tyrosine. 
Hematological parameters 
The hematological parameters also remained almost insignificant (P>0.05) with the 
increase in the replacement of dietary tyrosine up to 50% (diet R4) indicating that 
replacement of phenylalanine with tyrosine up to this ratio is feasible for the fish 
(Table 5). The red blood cell counts and hemoglobin content decreased significantly 
(P<0.05) when more than 50% phenylalanine was replaced with tyrosine in diets R5 
and R6 and such reduction in the hematological features was very high for the groups 
fed diet Re where 70%o of the dietary phenylalanine was replaced by tyrosine 
indicating that these diets become deficient in phenylalanine when it was replaced 
with tyrosine beyond 50%. The ESR values in the blood sampled from the groups fed 
diets R5 and Re increased with further replacement (60 and 10%) of dietary 
phenylalanine with tyrosine. Quadratic regression analysis at 95%) maximum and 
minimum quadratic response of RBCs, Hb, Hct and ESR data against tyrosine 
replacement values (X), exhibited that these parameters attained their best values at a 
replacement level of 54, 56, 55 and 53%. The relationships were described by the 
equations: 
Y95%maxRBCs=-0.0014X^+0.10471X+1.83286,R^ = 0.901, P<0.05, 
Y95%max Hb=-0.00752X^+0.63946X+0.10714, R^=0.66213 P<0.05 
Y95%maxHct =-0.01052XVo.84146X+16.16714, R =^=0.68548, P<0.05 and 
Y95%minESR=0.0014X -^0.09353X+3.32, R^=0.94l, P<0.05, respectively. 
Tyrosine replacement value 
On the basis of the quadratic regression analyses of AWG g fish"', FCR, PUE%, 
RBCs, Hb, Hct and ESR, it is recommended that nearly 56% of the dietary TAAA 
(26.5 g kg"' dry diet; 11.05 g phenylalanine kg"' + 15.42 g tyrosine kg"') could be 
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supplied as tyrosine on a molar basis in the diets for Singhi. Therefore, the total 
aromatic amino acid requirement was found to be at 26.5 g kg"' of the dry diet of 
which 15.42 g kg"' can be supplied as tyrosine on equimolar basis. 
DISCUSSION 
The amino acid requirements offish have been studied extensively in connection with 
their importance as a source of proteins for man and livestock (Halver 1972). This 
study shows that phenylalanine fed below and beyond the requirement level restricts 
growth and significantly influences performance parameters in H.fossilis. Amino acid 
requirements of fish have been estimated by different statistical and mathematical 
models, the most common being the broken-line model (Tibaldi & Lanari 1991, 
Keembiyehetty & Gatlin 1992, Kim et al. 1992, Anderson et al. 1993, Forster & 
Ogata 1998) but the non-linear model is regarded as the most appropriate for 
evaluating resuhs from dose-response experiments because the response of an animal 
to dietary increments of a limiting nutrient is not linear and is not broken at one 
particular point (Shearer 2000, Cowey 1992, Fuller & Garthwaite 1993, Schutte & 
Pack 1995, Rodehutscord et al. 1995a). Since broken-line model is considered to 
underestimate the requirement compared with non-linear model (Fuller & Garthwaite 
1993, Hauler & Carter 2001), the quadratic regression analysis which accurately 
represents the response of the animals to dietary increments of the test nutrients, was 
performed in this study. Moreover, the use of maximum response (100%) as the 
threshold level for a quadratic function is inappropriate and the 95% maximum 
response is a practical set point for estimating the requirement with non-linear 
functions (Dias et al. 2003, Baker 1986). This approach has been adopted in present 
study so that more precise TAAA requirement and tyrosine replacement value could 
be determined. 
The resuhs of the experiment I indicate that in fingerling H.fossilis maximum 
AWG g fish"', best FCR, PD%, PUE%, RNA/DNA ratio and best values of the 
hematological parameters occurred at 17.4 g kg"' of the dietary phenylalanine. The 
quadratic regression analysis of above parameters exhibited the optimum 
plienylalanine requirement to be at 16.6 g kg"' of the dry diet, corresponding to 43.7 g 
kg"' of the dietary protein. Except for loss of appetite and inferior feed conversion in 
fingerling H. fossilis fed diets below and beyond the requirement level, no other diet 
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related mortality or any other nutritional pathologies of phenylalanine deficiencies or 
excesses were observed. Determining amino acid utilization efficiency is important 
for evaluating essential amino acid requirements. It has been suggested that efficiency 
of essential amino acid utilization decreases once maximum response is achieved 
which has also been reported by Rodehutscord et al. (1997). In the present study 
phenylalanine utilization efficiency was maximum for the groups fed 17.4 g 
phenylalanine kg"' of the diet (P4), remained almost unchanged for the groups fed 
20.2 g kg"' of the diet (P5) and decreased at higher phenylalanine level (Pe). Feed 
intake was lowest for the groups reared at lowest level of phenylalanine (diet Pi). 
However, it was found to increase with the increase in dietary phenylalanine up to 
17.4 g kg"' in fish fed diet P4 and remained almost same for the groups fed super-
optimum levels of phenylalanine in diets P5 and ?(,. Decrease in feed intake at lower 
levels of phenylalanine may be due to phenylalanine deficiency which has also been 
observed in various other food fish species (Robinson et al. 1980a, Chance et al. 
1964, Benakappa & Varghese 2004, Khan & Abidi 2007a, Mertz et al. 1954) and 
terrestrial animals (Stockland et al. 1971, Sasse & Baker 1972, Adamson & Fisher 
1973, Bell & John 1981, Milner etal. 1984). 
Increase in RNA concentration of fish fed diets with increasing levels of 
phenylalanine up to 17.4 g kg"' dry diet (P4) appears to be the result of more efficient 
utilization of phenylalanine leading to high protein synthesis. Further increase in 
dietary phenylalanine concentration at 20.2 g kg"' (P5) did not result in any significant 
change in RNA content. However, a significant fall in RNA vis-a-vis growth was 
evident in fish fed diets containing more than above level of phenylalanine (22.4 g kg" 
', P6). Since, efficient protein synthesis requires sufficient availability of all essential 
amino acids (Dabrowski & Guderly 2002) and unbalanced amino acid concentrations 
in a diet results in increased protein degradation (Von derDecken & Lied 1993, 
Langer et al. 1993) and thereby increased protein turnover (Martin et al. 19^3). This 
fall in the growth may be due to the fall in RNA and hence protein synthesis in fish 
fed more than required amount of phenylalanine in diet Pe. The reduction in growth at 
still high level of dietary phenylalanine intake in fish fed diet ?(, could be attributed to 
the extra energy expenditure in nitrogenous excretion, because excess amino acids are 
deaminated and eliminated in the form of ammonia (Mustafa & Jafri 1977). 
Therefore, a good balance in the diet is needed for maximum utilization. There are 
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significant energy losses associated with the excretion of nitrogen from amino acid 
catabolism as the major part of non-fecal nitrogen is excreted as ammonia which 
requires energy and hence the diversions of energy from anabolic to catabolic 
processes at higher dietary phenylalanine intake might have resulted in growth 
retardation in this group. 
Carcass quality is the most important issue for aquaculturists as it influences 
the quality of the product and its acceptance by the consumer. Hence, efforts have to 
be made on means by which quality of fish may be improved. Since a major 
component in fish tissue is protein, priority has been given to increase the protein 
content of the fish tissue to improve the quality of the product. In this study, Singhi 
fed at 17.4 g phenylalanine kg"' dry diet exhibited excellent carcass quality in terms of 
carcass protein content. As phenylalanine is both, glucogenic and ketogenic amino 
acid, excess phenylalanine in fish, fed diets with 20.2 (P5) and 22.4 g kg'' (Pe) might 
have been converted to fat through the process of gluconeogenesis which is also 
supported by the data of the body fat content which exhibited significant linear 
increase in fish fed incremental levels of dietary phenylalanine. 
The hematological parameters of farmed fish are an integral part for 
evaluating their health status. Low hematological indices have been reported to be the 
indicators of anaemic conditions (Haruna & Adikwur 2001). The significant dose-
dependent increase in RBCs xlO^ mL"', Hb g dL"' and Hct% values in fish fed diet up 
to P4 indicate that this diet was having optimum amount of phenylalanine. 
Significantly lower RBCs, Hb, and Hct% in fish fed diets Pi, P2 and P3 compared to 
those fed diet P4 indicate to the deficiency of phenylalanine in above diets. The lower 
values of hematological parameters recorded in fish fed above diets than reported by 
Goel et al. (1984) further confirms that the above diets were deficient in 
phenylalanine. Also, the decline in hematological parameters noted in fish fed P5 and 
Pe diets compared to those fed P4 diet indicated the phenylalanine in diets P5 and ?(, 
was not solely being utilized for the anabolic processes in the body including the 
blood cell formation. Dietary state and stress have been known to alter blood values 
(Bamhart 1969, McCarthy et al. 1973). Since the fish used in this study were kept 
under optimum laboratory conditions and tranquilized with MS-222 before handling, 
the effect of stress resulting from handling must have been minimum. Therefore, 
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results of the hematological studies in this experiment point to phenylalanine directed 
hemoglobin synthesis. Erythrocytes sedimentation rate (ESR) is a non-specific 
hematological parameter that generally increases in the case of stress, general 
infections or nutritional pathologies, acute infections and heavy metal poisoning 
(Blaxhall & Daisley 1973). The ESR in fish fed phenylalanine up to P4 diet decreased 
and then increased in fish fed diets P5 and Pe- This may be due to some alterations in 
the proportions and concentrations of various hydrophilic protein fractions of the 
plasma which might have occurred due to excess intake of dietary phenylalanine. 
The conversion of phenylalanine to tyrosine in the absence or at low levels of 
dietary tyrosine is possible through the process of hydroxylation but the reverse 
reaction does not occur in animals (Martin et al. 1985). Nose (1979) reported that the 
phenylalanine requirement of common carp was 65 g kg'' in the absence of tyrosine 
but was reduced to 34% in the presence of 26% tyrosine. Thus fish have a total 
aromatic amino acid requirement. Therefore, a second experiment was conducted with 
a view to have more precise information on dietary tyrosine requirement of fmgerling 
Singhi which could spare maximum amount of phenylalanine. Based on the results of 
quadratic regression analysis of response criteria at 95% maximum response, the 
second experiment exhibited the L-tyrosine requirement of fingerling H.fossilis to be 
at 9.9 g kg"' of the dry diet. No growth depression was recorded at higher 
concentrations of dietary tyrosine in diets T5 and Te. It appears that the fmgerling H. 
fossilis is not sensitive to the large excesses of dietary tyrosine. Apparently they can 
readily metabolize the excess tyrosine for energy needs. No signs of tyrosine toxicity 
were observed in the fingerling H. fossilis which has also been reported in other 
species (Harper et al. 1970). Excess dietary tyrosine in fish fed diets T5 and Te led to 
toxicity which is evident in the form of anemia. However, the anemia did not result in 
impaired growth and health of fish because this fall in hemoglobin did not go beyond 
the normal range recommended for the blood values of this fish (Goel et al. 1984). 
The TAAA requirement as 69.7 g kg"' of the protein, worked out in this study, is 
almost similar to the requirement reported for various other warmwater fish species 
(Robinson et al. 1980a, Benakappa & Varghese 2004, Khan & Abidi 2007a, Nose 
1979, Ravi & Devaraj 1991, Borlongan 1992, Santiago & Lovell 1988, Ngamsnae et 
al. 1999) listed in Table 6. 
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Variations have also been reported in the aromatic amino acid requirements of fish 
which may be because of differences in the methodologies used such as the nature of 
the dietary protein sources in the test diets, the reference protein, energy density of the 
diet, dietary amino acid pattern chosen, and the culture conditions (Akiyama et al. 
1997, Luzzana et al. 1998, Cowey 1994). Feeding level adopted is another important 
variable that may influence the estimate of the requirement (Chiu et al. 1988). 
Digestibility, amino acid profile and energy content may affect amino acid 
requirements (Simmons et al. 1999, DeSilva et al. 2000) and variations may also be 
attributed to phylogenetically distinct families or species (Akiyama et al. 1997). 
Quadratic regression analysis of growth and nutrient utilization data of 
experiment III indicated that tyrosine could replace nearly 56% phenylalanine on an 
equimolar basis. The tyrosine replacement value was also determined based on the 
dynamics of RNA/DNA ratio which also supported that 50% phenylalanine can be 
spared by tyrosine. The extent to which tyrosine can substitute phenylalanine varies 
widely. Rose & Wixom (1955) demonstrated that tyrosine is capable of exerting a 
sparing effect of 70-75% upon the phenylalanine needs of normal young man. 
Estimates of the portion of the TAAA requirement that can be supplied as tyrosine are 
49% for the pigs (Robbins & Baker 1977), 45% for the rats (Stockland et al. 1971), 
42 to 47% for the chicks (Sasse & Baker 1972, Sasse & Baker 1973), 46% for the 
dogs (Langer et al. 1993), 48% for rainbow trout (Kim 1993) and 50% for the catfish 
(Robinson et al. 1980a). It was suggested that tyrosine could supply 48 to 54%) and 
78%) of the total aromatic amino acid requirement of the lactating sow (Lellis & Speer 
1987) and healthy human subjects (Pencharz et al. 2007). The tyrosine replacement 
value obtained in the present study is 56%) on an equimolar basis indicating that H. 
fossilis has higher efficiency of utilizing more of TAAA as tyrosine. 
If phenylalanine is fed at optimal level in the diet but with inadequate level of 
dietary tyrosine, a portion of the phenylalanine gets converted to tyrosine thus 
becomes less than the optimum and hence adversely affects the growth performance 
and body composition. Although tyrosine was sub-optimum in Ri diet, where it was 
supplied at 20% of the TAAA, no growth depression was observed indicating that 
conversion of phenylalanine to tyrosine at this replacement level, did not result to 
deficiency of phenylalanine. Hence, no growth retardation and other deficiency 
159 
symptoms were apparent in fish fed diet R]. Replacement of phenylalanine with 
tyrosine at 30% (R2), 40% (R3) and 50% (R4) did not result to depression in growth 
indicate that replacement of phenylalanine with tyrosine up to 50% was permissible 
and hence growth .was not compromised up to this level. However, the growth 
retardation at higher replacement of phenylalanine in diets R5 and Re is due to the fact 
that in these diets a large portion of the phenylalanine was replaced with tyrosine and 
hence phenylalanine became deficient (10 g kg"' dry diet in Rsat 60% replacement of 
phenylalanine with tyrosine and 7.4 g kg"' dry diet in Re at 70% replacement of 
phenylalanine with tyrosine) thus causing a significant growth retardation and inferior 
body composition in fish fed above diets. These results therefore, clearly indicate that 
dietary inclusion of phenylalanine and tyrosine in adequate combination (50:50) is 
necessary. Results of experiment III indicated that 56%) of the phenylalanine could be 
replaced by tyrosine in diets of fingerling H. fossilis. Significant dose-dependent 
decrease in hematological parameters such as RBCs, Hb and Hct in fish fed R5 and R^  
diets indicate that the fingerling fed these diets might have suffered nutritional 
toxicity of excess tyrosine and suboptimum level of phenylalanine and hence 
aneamia. In this study, the fish fed diets R5 and Re had lower amount of hemoglobin 
than opfimum referred value for H. fossilis {God et al. 1984, Murad & Mustafa 1998) 
thus characterizing anemia. The smaller volume of the erythrocytes, as well as the 
smaller concentration of hemoglobin in fish fed R5 and Re compared to those fed diets 
Ri, R2, R3 and R4 was probably due to the lesser availability of phenylalanine in these 
diets for the synthesis of the proteins that make the above blood parameters. Since the 
diets offered to the fish had mineral salt supplementation as per NRC (2011) 
recommendations, the possibility that anemia was caused by iron deficiency is, 
therefore, ruled out. However, it must be considered that inadequacy of dietary 
essential amino acids for long time impairs iron absorption, as well as its storage and 
transport in the organism. Thus, these alterations in hemoglobin concentrations are 
triggered only in the case of dietary protein or essential amino acid deficiencies. Since 
more than 50%) of the phenylalanine in diets R5 and Re was replaced with tyrosine, 
this might have led to its deficiency causing anemia in these groups. Also, the 
increased in ESR of the fingerling H. fossilis fed diets R5 and Re indicate that some 
alterations in the proportions and concentrations of blood might have occurred due to 
dietary deficiencies of phenylalanine at higher replacement levels with tyrosine. 
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Based on the quadratic regression analysis of growth, feed conversion, protein 
deposition, phenylalanine utilization efficiency, RNA/DNA ratio and hematological 
parameters of experiment I, II and 111, it is recommended that the TAAA requirement 
of fingerling H.fossilis is 26.5 g kg"' of dry diet (16.6 g kg"' phenylalanine+9.9 g kg" 
tyrosine), corresponding to 69.7 g kg"' (43.7 g kg"' phenylalanine+26.05 g kg" 
tyrosine) protein of which 56% could be supplied as tyrosine on a molar basis. Hence 
inclusion of 11.05 g kg"' phenylalanine and 15.42 g kg"' tyrosine is optimum in 
developing total aromatic amino acid balanced, cost-effective feeds for intensive 
culture of this nutritionally and therapeutically important food fish. 
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SUMMARY 
Heteropneustes fossilis is a highly-prized food fish in Asian marlcets. Due to its high 
protein, iron and low fat content it is recommended in diets for patients. To develop 
quality protein feeds for intensifying its culture, information on amino acid 
requirements is warranted. In view of this, three separate feeding experiments were 
conducted to determine total aromatic amino acid (TAAA) requirement of fmgerling 
(6.1 (SE 0.1) g to 6.9 (SE 0.3) g). In experiment I, phenylalanine requirement was 
determined by feeding six isonitrogenous (380 g kg"' CP) and isocaloric (15.3 MJ kg"' 
DE) amino acid test diets with graded levels of L-phenylalanine (10, 12.5, 15, 17.5, 
20, 22.5 g kg"' diet) at fix level of L-tyrosine (8.7 g kg"' diet). In experiment II, 
tyrosine requirement was determined by feeding diets containing graded levels of 
tyrosine (3.5, 6, 8.5, II, 13.5, 16 g kg"' diet) at constant level of phenylalanine as 
determined in experiment I. In experiment III, diets with various ratios of tyrosine: 
phenylalanine (20:80, 30:70, 40:60, 50:50, 60:40, 70:30) on a molar basis as 
determined in experiment I and II were prepared. Fishes in all three experiments were 
fed for 8"Weeks to apparent satiation, twice daily under identical conditions. Average 
weight gain g fish"', feed conversion ratio, protein deposition, protein utilization 
efficiency, RBCs xlO^ mL"', Hb g dL"', Hct% and ESR mm hour"' at 95% maximum 
and minimum quadratic response exhibited TAAA requirement to be 26.5 g kg" diet 
(16.6 g phenylalanine kg"'+9.9 g tyrosine kg"') and that 56% phenylalanine could be 
replaced by tyrosine on molar basis without affecting growth. 
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Fig. 1. Quadratic regression analyses of AWG g fish"' and FCR as affected by graded 
concentrations of dietary L-phenylalanine. Arrow indicates the requirement at 95% of 
upper and lower asymptote. Each point represents the means of four replicates per 
treatment (n=4) with 20 fishes per replicate. 
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Fig. 2. Quadratic regression analyses of PUE% as affected by graded concentrations of 
dietary L-phenylalanine. Arrow indicates the requirement at 95% of upper asymptote. 
Each point represents the means of four replicates per treatment (n=4) with 20 fishes per 
replicate. 
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Fig. 3. Quadratic regression analyses of RBCs x 10^  mL"' and ESR mm hour as affected 
by graded percentage of dietary L-phenylalanine. Arrow indicates the requirement at 95% 
maximum and minimum response. Each point represents the means of four replicates per 
treatment (n=4) with 5 fishes per replicate. 
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Fig. 4. Quadraiic regression analyses of Hb g dL"' and Hct% as affected by graded 
percentage of dietary L-phenylalanine. Arrow indicates the requirement at 95% 
maximum response. Each point represents the means of four replicates per treatment 
(n=4) with 5 fishes per replicate. 
176 
(A 
n 
0) 
0) 
0 
V) 
SI 
< 
L-tyrosine ratio in dry diets (%) 
Fig. 5. Quadratic regression analyses of AWG g fish'' as affected by graded percentage 
of dietary L-tyrosine. Arrow indicates the requirement at 95% of upper asymptote. Each 
point represents the means of four replicates per treatment (n=4) with 20 fishes per 
replicate. 

CHAPTER 7 
RESPONSE OF FINGERLING STINGING CATFISH, HETEROPNEUSTES 
FOSSILIS (BLOCH) TO VARYING LEVELS OF DIETARY L-LEUCEVE IN 
RELATION TO GROWTH, FEED CONVERSION, PROTEIN UTILIZATION, 
LEUCINE RETENTION AND BLOOD PARAMETERS 
"Published in 'AquacultureNutrition"201.1 1-13 iloi: lO.llll/anu.12077 
(lildckwell publications) 
INTRODUCTION 
In fish culture, provision of nutritionally balanced feeds plays an important role in the 
maintenance of a healthy and marketable product. Quantitative essential amino acid 
requirement values are important for the formulation of cost-effective and quality fish 
feeds (Alam et al 2002). All fish species studied to date have been shown to require 
ten essential amino acids in the diet for maximum growth (Wilson 2002). However, 
the requirements of all the ten essential amino acids are known only for a limited 
number offish species (NRG 2011). Dietary deficiency of essential amino acids may 
cause reduced growth and poor feed conversion in fishes (Wilson & Halver 1986). 
Therefore, satisfying the essential amino acid requirements of a species is very 
important so that amino acid-balanced, quality protein fish feeds could be prepared. 
Diets in which essential amino acid and protein levels mieet but do not exceed 
requirement are key factors to improve protein utilization for growth, therefore, 
reducing nitrogen waste (Peres & Teles 2008). 
Of all the ten essential amino acids, branched-chain amino acids account for 
350-400 g kg"' of the dietary indispensable amino acids in body protein and 140 g kg"' 
of the total amino acids in skeletal muscle (Ferrando et al. 1977). They influence the 
brain functions by modifying large neutral amino acid transport at the blood-brain 
barrier (Femstrom 2005). Of these, leucine holds a special place in animal's diet. It 
stimulates protein synthesis in skeletal muscles by enhancing translation initiation 
(Dardevet et al. 2000; Anthony et al. 2000a, b; Greiwe et al. 2001), inhibits whole 
body protein degradation in vivo (Frexes-Steed et al. 1992) and skeletal muscle 
proteolysis in vitro (Buse & Reid 1975; Fulks et al. 1975; Tischler et al. 1982). This 
amino acid also acts as a nutrient signal which regulates protein synthesis in 
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adipocytes as well as in other cells through insulin-independent mechanisms (Lynch 
et al. 2002). Despite its versatile roles in fish body, only few reports on leucine 
requirement for cultivable fish species are available (Kaushik et al. 1988; Forster & 
Ogata 1998; Abidi & Khan 2007 and Li et al. 2010). 
Heteropneustes fossilis represents the species of choice due to its nutritionally 
superior delicious meat which is appreciably high in protein and iron, and low in fat 
content (Bhatt 1968). It has high growth rate, significant tolerance to environmental 
stress, ease of reproduction and high market demand. Despite its high nutritional 
significance, little information is available on its nutrient requirement (Singh & 
Srivastava 1984; Akand et al. 1991; Jhingran 1991; Anwar & Jafri 1992; Mohamed 
2001; Firdaus et al. 2002; Usmani & Jafri 2002; Siddiqui & Khan 2009; Khan & 
Abidi 2010, 2011a, b). Except for arginine and lysine (Farhat & Khan 2012a, 2013a), 
no information is yet available on other essential amino acid requirements of 
fingerling H. fossilis and information on dietary leucine requirement of fingerling 
Singhi is totally lacking. 
Quantitative essential amino acid requirements have been mostly established 
by dose-response studies and are generally based on animal growth or nitrogen 
retention response to increasing levels of the dietary essential amino acid under study 
(Shearer 2000b; Wilson 2003). In this study, the effects of feeding various 
concentrations of leucine on growth, feed conversion ratio (FCR), protein utilization 
efficiency (PUE%) and leucine retention efficiency (LRE%) were evaluated. A 
number of studies have shown that differences in blood cell formation and function 
can also be an indicative of dietary manipulations (Poston 1964; Bamhart 1969; Leray 
et al. 1986; Jarboe et al. 1989; Greene & Selivonchick 1990; Duncan et al. 1993; 
Wise et al. 1993). Measures of hematocrit value and osmotic fragility allow 
evaluating the physiological state of the erythrocyte and the erythrocyte counts are 
used as indicators of haematopoiesis. Therefore, in present study, besides evaluating 
the effect of various concentrations of dietary L-leucine on growth, FCR, PUE% and 
LRE%, effects on selected hematological parameters were also evaluated. 
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MATERIALS AND METHODS 
Preparation of amino add test diets 
Six isonitrogenous (380 g kg"' crude protein CP) and isocaloric (17.9 MJ kg"' GE; 
15.3 MJ kg'' DE) amino acid test diets were prepared by supplementing various 
concentration of L-leucine to casein (vitamin and fat-free)-gelatin based basal diet. 
Casein and gelatin provided a total of 9.6 g leucine kg"' of dry diet. Ingredients used 
to prepare the basal diet have been given in Table 1. To accentuate the utilization of 
the limiting amino acids from the diet (Wilson 2002), dietary protein level was fixed 
at 380 g kg_l, slightly lower than that worked out by Siddiqui & Khan (400 g kg'', 
2009). Crystalline L-amino acids were added to the intact protein sources to simulate 
the amino acid profile of the experimental diets to that of 380 g kg'' whole chicken 
egg protein excepting the test amino acid leucine which was added to above amino 
acid mixture to provide the calculated values as 10, 12.5, 15, 17.5, 20 and 22.5 g 
leucine kg" dry diets. Levels of dietary leucine were adjusted on the basis of 
information available on other warmwater catfish species (Wilson et al. 1980). The L-
leucine supplementation was done in each diet by substituting L-glycine on protein to 
protein basis. This adjustment was made to make the diets isonitrogenous. Crystalline 
L-amino acid premix was pre-coated with carboxymethyl cellulose and freeze-dried 
prior to use. The pH of each diet was adjusted to 7.0 by the addition of 6 N NaOH 
(Wilson etal. 1977). The CMC-bound crystalline amino acid mixtures and other dry 
ingredients were then added to the casein-gelatin paste. This was done to extend the 
bioavailability of essential nutrients from the diet (Mambrini & Kaushik 1994), 
improve water stability and prevent the leaching of the amino acids from the diet. A 
blend of cod liver oil and com oil (2:5) were used as the dietary lipid sources to 
provide n-3 and n-6 fatty acids. Vitamin and mineral premixes were prepared as per 
Halver (2002). Diets were made isoenergetic by adjusting the amount of dextrin. 
Proximate composition of thi amino acid test diets is given in Table 2. 
Amino acid test diets were prepared as per the method discussed under 
General Methodology section (page 12-13). To confirm the calculated levels of 
dietary leucine, diets were analyzed using an automated Amino Acid Analyzer 
(Hitachi L-8800, Tokyo, Japan). The analyzed dietary L-leucine values were above 
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98% of the intended value (9.9, 12.4, 15.1, 17.4, 20.1 and 22.4 g kg"' dry diet, Table 
2). Diets were designated as LC9.9, LC12.4, Lcis.i, LC17.4, LC20.1 and Lc224- Because 
digestible energy values for fingerling are not available, the dietary energy was 
calculated using conversion factors 18.8, 14.63 and 3.').5 MJ kg'' for protein, 
carbohydrate and fat (Jauncey 1982). 
Water stability of experimental diets 
Water stability of the amino acid test diets was checked as per the standard method 
detailed under General Methodology section (page 14). 
Experimental design and feeding trial 
Procedure for the experimental design and feeding trials was same as has been 
detailed under General Methodology section (10-11). 
Feeding regime and weekly measurements 
H.fossilis fingerling (6.8±0.2 g mean body weight; 11.2±0.3 cm mean body length) 
were taken from the above-acclimated fish lot and stocked at the rate of 20 fish per 
trough for each dietary treatment in quadruplicate groups in 70-L circular polyvinyl 
troughs (water volume 55 L) fitted with a continuous water flow-through (1-1.5 L 
min'') system. Each amino acid test diet was randomly assigned to quadruplicate 
groups offish in the form of semi-moist cakes (310 g kg'' moisture). Fish were hand-
fed the test diets to apparent satiation twice daily at 07:00 and 17:30h for 48 days. For 
accuracy in FCR calculation and to avoid feed wastage, fish were carefully observed 
during feeding and utmost care was taken to ensure that all feed supplied was 
consumed by the fish. Fish were individually weighed weekly on a top-loading 
balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, Zurich, Switzerland) after 
being starved for 24 h. To avoid stress, initial and weekly weights were recorded 
under moderate anesthesia (MS-222; 100 mg L''). The feeding trial lasted 8 weeks. 
Faecal matter was siphoned off before and after every feeding. 
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Water q uality parameters 
Water quality parameters were recorded following standards methods (APHA 1992) 
mentioned under General Methodology section (page 14) and were within the 
optimum range for fish culture. The water temperature, dissolved oxygen, free carbon 
dioxide, pH and total alkalinity based on daily measurements range between 27.1 and 
27.6 °C, 7.0-7.7 mg V\ 6.9-7.2 mg L"', 7.3-7.8 and 63.3-77.3 mg U', respectively. 
The experiment was conducted with a natural photoperiod of 12-h dark/12-h light 
cycle. 
Sample collection 
At the beginning and end of the 8 week feeding trial, fish were anaesthetized by 
subjecting to a moderate dose of 100 mg L'' MS-222; Sigma, St. Louis, MO, USA 
and killed by freezing at -20 °C for subsequent whole-body proximate analysis. A 
pooled sample of 30 fishes was taken from the initial stock and analysed for initial 
body composition. At the end of the experiment, six fishes from each replicate of 
dietary treatments were randomly sampled, pooled and three subsamples of each 
replicate from the pooled sample (n = 4 x 3) were analysed for final body 
composition. Before every sampling fish were starved for 24 h. 
Haematological measurements 
The procedure adopted has been detailed under General Methodology section (page 
16-17). Erythrocyte osmotic fragility (EOF) of the fingerling H.fossilis fed various 
concentrations of dietary leucine was assessed as per Ezell et al. (1969) using gradient 
saline solutions and the details of this are given under General Methodology section 
(page 17). 
Proximate analyses of amino acid test diets and whole-body composition 
Proximate composition of casein, gelatin, experimental diets, and initial and final 
whole-body composition was estimated using standard methods (AOAC 1995) 
mentioned under General Methodology section (page 18-23). Gross energy values of 
the amino acid test diets were calculated on the basis of fuel values 23, 20.19, 24.24, 
182 
16 and 37.6 MJ kg"' for casein, gelatin, amino acids, dextrin, and fat, respectively, 
determined using a Gallenlcamp ballistic bomb calorimeter (Gallenkamp, 
Loughborough, UK). The analysed values of the gross energy content of each amino 
acid test diets are given in Table 2. Amino acid analysis of casein, gelatin, reference 
protein, experimental diets, and initial and final fish body was performed according to 
Khan & Abidi (2011a, b) as per the method detailed under General Methodology 
section (page 23-24). The results the amino acid analyses are presented in Table 2. 
Evaluation of growth parameters 
Evaluation of various growth parameters was made according to the standard 
definitions as described under General Methodology section (page 25-27). 
Statistical analyses 
Data were statistically analysed as per the standard methods given under General 
Methodology section (page 27). 
RESULT 
Growth performance 
Effects of feeding different concentrations of L-leucine on AWG g kg'', FCR, PUE% 
and LRE% are listed in Table 3. AWG g kg'', FCR, PUE% and LRE% of the 
fingerling Singhi were found to increase with increasing concentrations of L-leucine 
up to Lci7.4. Further inclusion of dietary L-leucine at Lcao.i diet did not showed 
significant change (P>0.05) in the above parameters. However, fish fed diet 
containing still higher level of L-leucine (LC22.4), exhibited significant (P<0.05) 
reduction in above parameters. To generate more precise information on AWG g kg''; 
FCR; PUE% and LRE% in response to varying levels of dietary L-leucine, data were 
subjected to second-degree polynomial regression analysis. The fitted equations (at 
95% maximum and minimum quadratic response of the data) YAWG; g nsh' =-
0.43278X^+16.77599X-114.741; R^=0.971 and YFCR=0.02784X^-1.06042X+12.04; 
R^-0.998 predicted highest AWG; g fish'' and best FCR to be at 16.5 and 16.9 g 
leucine kg' dry diet (Fig. 1). Similarly, Fig. 2 shows the PUE% and LRE% of 
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fingerling Singhi to graded additions of dietary L-leucine. The fitted equations (at 
95% of tlie maximum response) YPUE%=-0.16626X^+6.44849X-4 1.79093; R^=0.923 
and YLRE%=-0.53936X^+20.67958X-]31.918]9; R^=0.972 exhibited best PUE% and 
LRE% to be at 16.2 and 16.5 g leucine kg'' of the diet. Survival was found to be 
100%. 
Whole body composition 
Varying levels of dietary leucine significantly influenced (P<0.05) the body 
composition of fingerling H. fossilis (Table 4). A corresponding increase in body 
protein content with the increase in leucine concentrations was noted which peaked at 
17.4 g kg'' leucine of the dry diet (LC17.4). Body moisture content showed a positive 
correlation (Y=733.975+1.412X; R^=0.994) with the increase in dietary leucine while 
fat content was negatively correlated with it (Y=62.524-1.1125X; R^=-0.953). Body 
ash content tented to be significantly higher in groups fed dietary L-leucine from 9.9 
(Lc 9.9) to 15.1 (Lci5.i) g kg"' of the diet. However, a significantly lower values 
(P<0.05) of body ash were recorded for groups fed dietary leucine beyond these levels 
in diets LC17.4, LC20.1 and LC22.4. 
Leucine retention efficiency 
The retention of leucine in the whole body was significantly affected by the dietary 
treatments (P<0.05). Significantly lower (P<0.05) leucine retention was found in fish 
fed LC9.9, Lci2.4 and Lcuj diets compared to those fed dietar>' leucine at 17.4 g kg'' in 
diet Lci7,4. Fish fed dietary leucine at 17.4 and 20.1 g kg'' had almost similar leucine 
retention efficiency. However, the leucine retention decreased (P<0.05) with further 
increase in dietary leucine concentration beyond 20.1 g leucine kg"' in diet LC224. 
Haematological parameters 
The hematological parameters of fish fed diets containing varying concentrations of 
leucine are presented in Table 4. Dietary leucine concentrations significantly 
impacted (P<0.05) haematocrit (Hct%), haemoglobin concentration (Hb g dL"'), 
RBCs count (RBCs x 10^  mL"') and erythrocyte sedimentation rate (ESR mm h"'). 
Hct and Hb concentration increased significantly with the increase in dietary leucine 
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concentrations up to 17.4 g kg'' (LC17.4) followed by an insignificant decline (P>0.05) 
in fish fed diets LC20.1 and LC22.4. Significantly lower (P<0.05) ESR value (1.94 mm h' 
') was recorded for the groups fed 17.4 g leucine kg'' of the dry diet compared to 
those fed diets with other leucine concentrations. 
Erythrocyte osmotic fragility (EOF) 
Erythrocyte osmotic fragility as percentage haemolysis was found to decrease with 
the increase in dietary leucine up to 17.4 g kg"' beyond v^ 'hich significant increase 
(P<0.05) in the erythrocyte fragility was evident (Table 4). 
Leucine requirement 
To determine the dietary L-leucine requirement, the response criteria were subjected 
to both broken-line and second-degree polynomial regression analyses. Because 
broken-line regression analysis exhibited significant deviation from the fitted data 
(P<0.05), second-degree polynomial regression analysis which was a more adequate 
fit to the data (P>0.05) exhibiting highest coefficient of determination (R^ values), this 
approach was utilized. Taking into account, the effects of various concentration of 
dietary leucine on AWG g fish"', FCR, PUE% and LRE%, the leucine requirement of 
fingerling Singhi at 95% maximum and minimum response quadratic response was 
found to be at 16.5,16.9,16.2 and 16.5 g leucine kg'' of the dry diet, corresponding to 
43.4,44.5,42.6 and 43.4 g leucine kg'' protein. 
DISCUSSION 
The present study was designed to generate data on dietary leucine requirement of 
fingerling H. fossils.- The study clearly indicated that dietary leucine significantly 
improved the growth of fingerling H.fossilis which was found to be maximum in fish 
fed diet with 17.4 g leucine kg''. The growth performance of the fish fed diet 
containing lower (Lc9.9_ LC12.4 and Lcis.i) and higher levels of leucine (LC20.1 and 
LC22.4) were found to be inferior than those fed dietary leucine at above level (Lci7,4). 
Nutrient retention has been considered a criterion to estimate the amino acid 
requirement for several cultured fish species (Cho et al. 1992, Buentello et al. 2000, 
Yang et al. 2010). It has been proved that the balanced diets increase protein synthesis 
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as well as decrease nitrogen excretion (Aragao et al. 2004b). Leucine modulates the 
rate of protein synthesis, particularly by stimulating the activity of protein involved in 
the translation process, which is critical for cells to control protein synthesis (Anthony 
et al. 2001; Lynch et al. 2002; Crozier et al. 2005; Garlick, 2005; Kimball & 
Jefferson 2006). In many previous studies, it is reported that ingestion of leucine 
increases the protein synthesis rate (Dardevet et al. 2000; Garlick 2005; Rieu et al. 
2006). In this study, maximum protein utilization efficiency in fish fed 17.4 g kg"' 
leucine probably fulfils the requirement indicating more efficient utilization of 
individual amino acids in fish fed diet containing 17.4 g leucine kg'' diet. Further 
increase in leucine intake in diet Lc2o.i did not result in any significant decline in 
PUE%. However, reduction in protein ufilization efficiency at highest level of dietary 
leucine (LC22.4) may be due to the imbalance amino acids composition in diets and 
diversion of amino acids into catabolic rather than anabolic processes (Cowey & 
Sargent 1979). Nose (1979) also noted that fish growth was suboptimal when leucine 
was presented in excess in the basal diet. 
The efficiency of amino acid retention is an important feature in defining 
amino acid requirements. Dietary amino acid imbalances have been shown to increase 
amino acid oxidation and lower retention efficiency (Aragao et al. 2004b). In this 
study, significantly lower (P<0.05) leucine retention was found in fish fed 9.9 (LC99), 
12.4 (LC12.4) and 15.1 (Lcis.i) g leucine kg"' diets compared to those fed required level 
of dietary leucine (LC174). Further increase in dietary leucine (LC20.1) did not increase 
in leucine retention efficiency. However, the leucine retention efficiency was found to 
depressed with further increase in dietary leucine concentration (LC22 4) indicating that 
excess leucine was probably catabolized for energy purpose.s. 
In intensive aquafarming, carcass composition analysis is an important quality 
determinant in response to dietary restriction of an essential nutrient under question. 
Carcass quality is the indicator of the suitability of the fish meat for further processing 
and storage including retail display. The main attributes of interest are carcass protein 
and fat content. It has been widely acknowledged that feeding diets with amino acid 
deficiencies results in altered protein deposition and excess energy deposition as fat in 
the liver, fillet or peritoneal cavity. Hughes et al. (1983) observed that lake trout fed 
leucine deficient diets showed lower body protein. Similar trend in body protein was 
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also recorded in the present study. In this study, fingerling fed 9.9 (LC9.9), 12.4 (LC12.4) 
and 15.1 (Lcis.i) g leucine kg"' of the diet exhibited significantly lower values for 
body protein content. On the other hand, body fat was inversely correlated with body 
protein in fish fed above diet. However, body composition offish fed 17.4 g kg"' 
(LC17.4) leucine of the diet was better compared to other diets. Further inclusion of 
dietary leucine beyond LC17.4 exhibited no significant deficiency in body protein. 
However, fish fed still higher level of leucine (LC22.4) exhibited significant decline in 
body protein content. 
Haematological status of farmed fish is an important tool in evaluating health 
status in response to dietary restriction of an essential nutrient. Hematological 
parameters such as Hb g dL"', Hct%, RBCs x 10^  mL'', ESR mm h"' and EOF% 
showed a general positive relation with increase in dietary leucine intake up to 17.4 g 
kg"' of the dry diet (LC17.4) beyond which no significant improvements were apparent. 
Erythrocytes break down was reported to be faster in case of improper membrane 
function (Robbins et al. 1984). In this study, varying levels of dietary leucine 
significantly affected the strength of erythrocyte membranes. Haemolysis of the RBCs 
of the fish fed diet containing 17.4 g leucine kg"' was found to be least indicating that 
erythrocytes were more resistant to haemolysis in hypotonic salt solutions. Increasing 
concentration of dietary leucine probably led to the increase in the cell wall strength 
which may be the reason for lower susceptibility of erythrocytes in fish fed leucine at 
17.4 g kg"' (LC17.4). The erythrocytes were more susceptible to osmotic lysis in fish 
fed diets with either the lower concentrations of leucine (LC99, LC12.4, Lcis.i) or 
beyond generous inclusion of dietary leucine at 20.1 (LC20.1) and 22.4 g kg"' (Lc22.4)-
To generate more precise information on response of fish to varying levels of 
dietary leucine and recommending the optimum level of leucine for inclusion in 
practical feeds, the growth and other parameters were subjected to broken-line and 
quadratic regression analysis. The broken-line model appears to be more appropriate 
when the growth response increases linearly up to the minimum required nutrient 
level and then reaches a plateau above this level (Robbins et al. 1979). Because the 
growth response of an animal to a limiting nutrient does not break at a particular 
point, it rather approaches an asymptote once the requirement for maximum gain is 
reached (Cowey 1994), a non-linear approach most accurately represents growth in 
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response to dietary restrictions of an essential nutrient (Finke et al. 1987). Use of 
maximum response (100%) as the threshold level for a quadratic function is 
inappropriate, and hence 95% maximum response is a practical set point for 
estimating the requirement with non-linear functions (Gahl et al. 1991; Rodehutscord 
et al. 1995; Rodehutscord et al. 1997; Encama9ao et al. 2004) which has also been 
adopted in this study. However when both the models fit the data well, requirement is 
almost similar and a range of requirement is recommended. Because in present study, 
broken-line regression analysis exhibited significant deviation (P<0.05) from the 
fitted model whereas the quadratic regression analysis more adequately fit to the data 
(P>0.05) and resulted a high coefficient of determination (R )^, L-leucine requirement 
in this study was worked by second-degree quadratic regression analysis which at 
95% maximum and minimum response of AWG; g fish"', FCR, PUE% and LRE%, 
exhibited the dietary leucine requirement between 16.2 and 16.9 g kg'' of the dry diet, 
corresponding to 42.6-44.4 g kg"' of the protein. 
Leucine requirement determined in this study is higher than the requirement 
reported for coho salmon, Oncorhynchus kisutch 34 (Arai & Ogata 1993), channel 
catfish, Ictalurus punctatus 35 (Wilson et al. 1980), catla, Catla catla 37 (Ravi & 
Devaraj 1991), chinook salmon, Oncorhynchus tshawytscha 39 (Chance et al. 1964), 
European sea bass, Morone labrax 43 (Ng & Hung 1995), Indian major carp, 
Cirrhinus cirrhosus 43.3 (Benakappa & Varghese 2003), European sea bass, 
Dicentrarchus labrax 43 (Kaushik 1998) and lower than the requirement of the fish 
including Atlantic salmon, Salmo salar 52 (Rollin 1999) and juvenile large yellow 
croaker, Pseudosciaena crocea 67 g kg"' of the protein (Li et al. 2010). 
Branched-chain amino acids share common pathways (Denoya et al. 1995). 
Excesses of leucine are extremely disruptive to utilization of isoleucine and valine 
especially when these two amino acids are marginal or limiting (Smith & Austic 
1978). A dietary excess of leucine s.imulates the oxidation of valine and isoleucine 
and contributes to reduction of their pools (Harper 1956; D'Mello 1994) due to an 
excessive activation of enzymes of the catabolic pathway of branched chain amino 
acids (Ichihara & Koyama 1966). Despite the existence of sufficient data concerning 
the antagonistic effects of branched-chain amino acids (Haqper 1956; Harper et al. 
1970; D'Mello & Lewis 1971; Alien & Baker 1972; Hughes et al. 1983; Yamamoto 
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et al. 2004; Abidi & Khan 2007), there is little reason to consider these in fish fed 
purified diets. The adverse effects of excess leucine have been noted primarily in diets 
that are marginal or deficient in isoleucine and valine (Benton et al. 1956; Harper et 
al. 1970; Barbour & Latshaw 1992). In studies with diets based on purified 
ingredients (such as casein and gelatin) meeting minimum requirements for isoleucine 
and valine as in our case, no adverse effects of high levels of leucine were apparent. 
Because casein is balanced in isoleucine and valine, this imbalance is more unlikely to 
occur in casein-gelatin based purified diets as used in the present study. Also, the 
amino acid profile of the diets was mimicked to that of 380 g kg'' whole chicken egg 
protein which almost matches to the body amino acid profile of the fish, we find no 
reasons of the antagonism of branched-chain amino acids in this study. Hence, the 
slight growth retardation obtained in fish fed diet L22.4 was not induced by 
antagonistic effects of the branched-chain amino acids but v^as probably due to the 
reason that excess dietary leucine at LC22.4 might have led to oxidation and 
accumulation to ketones and other toxic metabolites, therefore, adversely affecting 
growth. This is also based on the assumption that stress due to excess dietary leucine 
in fish body, increases the fish's overall energy demand leading to diversion of energy 
towards catabolism which is then unavailable for growth. Growth depression in fish 
fed low concentrations of dietary leucine is almost similar to that reported by 
Benakappa & Varghese (2003) and Li et al. (2010). Survival of the'fish fed various 
concentration of dietary leucine was found to be 100%. 
On the basis of second-degree polynomial regression analysis of AWG g fish" 
, FCR, PUE% and LRE% data, it is recommended that inclusion of dietary leucine at 
16.5 g kg"' of the dry diet (43.4 g leucine kg"' of the protein) is optimum to maximize 
weight gain, protein utilization and amino acid retention efficiencies in fingerling H. 
fossilis. Data generated during this study will be useful in developing leucine-
balanced diet for increasing production of fingerling H. fossilis through intensive 
aquaculture. 
189 
SUMMARY 
Growth response of fingerling Heteropneustes fossilis (6.8±0.2 g; 11.2±0.3 cm) to 
dietary L-leucine levels was assessed by conducting 8-week feeding trial in a flow-
through system (1-1.5 L min"') at 28 °C water temperature. Casein-gelatin-based 
isonitrogenous (380 g kg''; crude protein) and isoenergetic [17.9 MJ kg''; gross 
energy (GE)] basal diet was supplemented with different levels of L-leucine to 
achieve desired leucine levels ranging between 10 and 22.5 g kg"' dry diet. Analysed 
values were 9.9 (Lcg.g), 12.4 (LC12.4), 15.1 (Los.i), 17.4 (LC17.4), 20.1 (LC20.1) and 22.4 
(LC22.4) g leucine kg"' diet. Fishes were stocked randomly in quadruplicates and fed to 
satiation at 07:00 and 17:30 h. Maximum absolute weight gain (AWG g fish"'), feed 
conversion ratio (FCR), protein utilization efficiency (PUE%), leucine retention 
efficiency (LRE%) and haematological parameters were found in fish fed diet Lci74-
For precise determination of dietary leucine requirement of Singhi, AWG g fish'', 
FCR, PUE% and LRE% were subjected to broken-line and second-degree polynomial 
regression analysis. Second-degree polynomial regression analysis fitted the data 
more accurately (P > 0.05) exhibiting high R^  values. Hence, based on this analysis, 
dietary leucine requirement of fingerling H. fossilis is recommended to be 16.5 g kg'' 
of the diet, corresponding to 43.4 g kg"' protein for developing leucine-balanced 
commercial feeds. 
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CHAPTER 8 
GROWTH, PROTEIN DEPOSITION, ISOLEUCINE RETENTION, BODY 
COMPOSITION AND HEMATOLOGICAL FEATURES OF FINGERLING 
STINGING CATFISH, HETEROPNEUSTES FOSSILIS (BLOCH) FED DIETS 
WITH DIFFERENT LEVELS OF ISOLEUCINE 
INTRODUCTION 
Protein constitutes the most expensive component of fish feeds. Information on 
quantitative protein requirement is pre-requisite in the formulation of quality protein 
feeds. Out at ten essentia! amino acid requirements by the fish, branched-chain amino 
acids, isoleucine, leucine and valine are structurally similar essential nutrients in fish 
diets (Hughes et al. 1983) that stimulate the protein synthesis and used in skeletal 
muscle, which is the major site of branched-chain amino acid oxidation (Van den 
Thillart 1986; Van Waarde 1988). They also provide a source of energy which 
reduces lactic acid production during strenuous work. Isoleucine is the fourth-limiting 
amino acid in animal diets (Fernandez et al. 1994). It is potentially limiting in low 
protein diets that have been supplemented with lysine, methionine and tryptophan 
(Jensen & Colnago 1991; Keshavarz 1997). Isoleucine is both ketogenic and 
gluconeogenic which enters the TCA cycle via acetyl-CoA, or via pyruvate, succinate 
or fumarate (Mayes 2000). Wang et al. (1997) conducted a series of amino acid 
addition and deletion studies and reported that isoleucine was the first limiting 
branched-chain amino acid in meat-and-bone meal as well as commercial feed-grade 
form. Therefore, isoleucine plays a central role in formation of a number of 
metabolites and is generally concentrated in the muscle tissues of the body. 
Hetewpneustes fossil is, is a highly-prized air-breathing freshwater fish in most 
of the Asian market. Being a lean fish it is very suitable for people to whom animal 
fats are undesirable (Rahman et al. 1982). Due to mouth-watering taste it has got a 
high market value. Information on dietary lysine, arginine requirement of fry (Khan & 
Abidi 201 la, b) arginine, tryptophan and lysine requirement of fingerling stage of this 
fish (Farhat & Khan, 2012a, b, 2013a) are available. However, their lack of 
information on other essential amino acid requirements, this study was, therefore, 
conducted to evaluate the optimum dietary isoleucine requirement of fingerling H. 
fossilis. 
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MATERIALS AND METHODS 
Preparation of amino acid test diets 
Casein (vitamin and fat-free)-gelatin based isonitrogenous (380 g kg'' crude protein; 
CP) and isocaloric (! 7.9 MJ kg'' gross energy GE, 15.3 MJ kg'' digestible energy DE) 
amino acid-test diets were formulated. L-crystalline amino acids were supplemented 
to mimic the amino acid pattern of 380 g kg'' whole chicken egg protein, excluding 
the test amino acid isoleucine. Arginine, tryptophan and lysine, were fixed as per the 
requirement of this fish (Farhat & Khan 2012a, b; Farhat & Khan 2013a). Diets 
containing increasing concentration of isoleucine as 7.5, 10, 12.5, 15, 17.5, 20 g kg'' 
of dry diet were made. Levels of dietary isoleucine were adjusted on the basis of 
information available on other warmwater catfish species (Wilson et al. 1980). 
Experimental diets contained 380 g kg'' CP which was slightly tower than the 
optimum protein requirement (400 g kg'' CP; Siddiqui & Khan 2009). This reduction 
was made to ensure more efficient utilization of the limiting amino acids (Wilson 
1989; Zhou et al. 2010). Diets were designated as Dl, D2, D3, D4, D5 and D6. Diets 
were made isonitrogenous and isoenergetic by adjusting non-essential amino acid 
glycine, and the dextrin. The pH of each diet was adjusted to 7.0 by the addifion of 
6 N NaOH (Wilson et al. 1977). The amino acid test diets were prepared as per Abidi 
& Khan (2007) detailed under Genera! Methodology section (page 12-13). To delay 
the digestive absorption of the amino acids from the gut, optimize their use for protein 
accretion or gain (Mambrini & Kaushik 1994), improve the v/ater stability of the diets 
and prevent the leaching of the amino acids from the diets, the crystalline L-amino 
acid premix used were pre-coated with carboxymethyl cellulose and freeze-dried prior 
to use. Amino acid analysis (Amino Acid Analyzer; Hitachi L-8800, Tokyo, Japan) of 
diets revealed the isoleucine content to be 7.3, 10.1, 12.6, 14.8, 17.6 and 19.9 g kg'' 
dry diet (Table 1). Data for analyzed amino acid contents of the amino acid test diet 
Dl have been provided in Table 2. The final diet with bread dough consistency was 
poured into a teflon-coated pan, cut in the form of small cubes and stored at -20 C till 
further use. Since digestible energy of the ingredients used in diets for H.fossilis is 
not available, it was calculated using the conversion factors 18.8, 14.63 and 35.5 MJ 
kg'' for protein, dextrin and lipid, respectively (Jauncey 1982). 
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Water stability of the amino acid test diet 
Water stability of the amino acid test diets were checked as per the standard protocol 
mentioned under General Methodology section (page 14). After immersion of dietary 
samples in water for 30 minutes, no significant change in amino acid content of these 
diets was recorded. 
Experimental design and feeding trial 
Experimental set-up was same as has been detailed under General Methodology 
section (page 10-11). 
Feeding regimes and weekly measurements 
Fingerling H. fossilis (6.8±0.03 g mean body weight; 10.7±0.05 cm mean body 
length) were taken from the above-acclimated fish lot and stocked at the rate of 20 
fish per trough for each dietary treatment level in quadruplicate groups (n= 4 x 20) in 
70-L circular polyvinyl troughs (water volume 55 L) fitted with a continuous water 
flow-through (1-1.5 L min'') system. Fish were fed test diets in the form of semi-
moist balls (350 g kg"' moisture; 5mm diameter) to apparent satiation twice daily at 
07:00 and 17:30h. Initial and weekly weights were recorded on a top-loading balance 
(Precisa 120A; 0.1 mg sensifivity, Oerlikon AG, Zurich, Switzerland). Fish were 
deprived of feed on the day of weekly measurements. The feeding trial lasted for 8 
weeks (48 feeding days). The unconsumed feed if any, was collected soon after active 
feeding, dried and reweighed to measure the actual amount of dry feed consumed for 
accuracy in FCR calculation. 
Water quality parameters 
Water quality parameters were recorded daily during the feeding trial as per the 
standard method (APHA 1992) mentioned under General Methodology section (page 
14). The range water temperature, dissolved oxygen, free carbon dioxide, pH and total 
alkalinity based on daily measurements were 27.2-27.8 °C, 7.6-8.2 mg L"', 5.1-9.3 mg 
L"', 7.5-7.7 and 66.8-81.8 mg L'', respectively. The experiment was conducted under 
a 12:12h dark/light regime. 
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Hematological assay 
Before taking the blood samples, fish were starved for 24 h and anesthetized with 
MS-222 at the concentration of 100 ug m L"'. Blood samples were obtained from the 
caudal vein of three fish from each trough in quadruplicate (n=4x3) using heparinized 
syringe. The blood samples thus collected were used to determine blood 
characteristics. The hematological measurements were performed as per the method 
described in General Methodology section (page 16-17). 
Sample collection and proximate analysis of amino acid test diets andfisli body 
Before every sampling, fish were fasted for 24 h to empty their guts. Six subsamples 
of a pooled sample of 30 fishes were analyzed for initial body composition. At the end 
of the experiment, 6 fishes from each replicate of dietary treatments were pooled 
separately and 3 subsamples of each replicate from the pooled sample (n=4x3) were 
analyzed for final whole body composifion. 
Proximate composition of casein, gelatin, experimental diets, and inifial and 
final body was esfimated using standard methods (AOAC 1995) detailed under 
General Methodology section (18-23). Gross energy of the amino acid test diets was 
calculated on the basis of fuel values 23, 20.19, 24.24, 16 and 37.6 MJ kg'' for casein, 
gelatin, amino acids, dextrin, and fat, respectively, determined using a Gallenkamp 
ballistic bomb calorimeter (Gallenkamp, Loughborough, UK, calibrated with benzoic 
acid). The analyzed values of the gross energy content of each amino acid test diets 
have been provided in Table 1. Amino acid analysis of casein, gelatin, reference 
protein, experimental diets, and final and initial fish carcass was performed according 
to Khan & Abidi (2011a) detailed under General Methodology section (23-24). The 
results the amino acid analyses are presented in Table 2. 
Calculation of growth parameters 
Calculation of various growth parameters was made according to the standard 
definition as described under General Methodology section (page 25-27). 
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Statistical analyses 
Data were statistically analysed as per the standard methods given under General 
Methodology section (page 27). 
RESULTS 
Growth performance 
Effects of dietary isoleucine levels on growth performance of fmgerling H.fossilis are 
given in Table 3. Survival was not significantly affected (P>0.05) among the groups. 
No overt symptoms of isoleucine deficiency were observed among fish fed diet 
containing low isoleucine levels. Fish fed diets containing 7.3 (Dl), 10.1 (D2), 12.6 
(D3) and 14.8 g kg'' (D4) isoleucine in the dry diet showed continuous and significant 
(P<0.05) improvement in absolute weight gain (AWG; g fish''), feed conversion ratio 
(FCR), protein deposition (PD fish''), energy deposition (ED fish''), and isoleucine 
retention (IR%). Further elevation of the dietary isoleucine at 17.6 g kg'' (D5) and 
19.9 g kg"' (D6) resulted in significant depression (P<0.05) in growth, feed 
conversion, protein and energy deposition and isoleucine retention. The second-
degree polynomial regression analysis of AWG; g fish'', FCR, PD fish'', ED fish'' 
and IR% (Y) when fitted against varying levels of dietary isoleucine (X) exhibited the 
requirement between 14.9, 15.1, 14.1, 14.3 and 14.1 g kg"' of dry diet, corresponding 
to 39.2, 39.7, 37.1, 37.6 and 37.1 g kg"' protein. The relationship was best described 
by the following polynomial equations: 
Y95%maxAWG gfish''=-0.27465X^+9.59826X-42.97523 ( R H . 9 6 1 ) (Fig. 1) 
Y95»/ominFCR-+0.02128X -^0.71523X+7.95333 (R^=0.995) (Fig. 1) 
Y95%maxPDfish''=-0.00214XV0.06815X-0.3231 (R^=0.949) (Fig. 2) 
Y95%maxEDfish''=-0.0045X^+0.14281X-0.58787 (R^=0.930) (Fig. 2) 
Y95%maxiR%=-0.57491XVl8.47333X-84.62411 (R^=0.961) (Fig. 3) 
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On the basis of second-degree polynomial regression analysis, maximum AWG; g 
fish"', best FCR, highest PD fish'^  ED fish'^ and IR% occurred with the dietary 
isoleucine ranging between 14.1-15.1 g kg"' of dry diet, corresponding to 37.1-39.7 g 
kg'' protein. 
Hematological features 
Fish fed diet containing 7.3 (Dl), 10.1(D2), 12.6 (D3) and 14.8 g isoleucine kg"' of 
the diet (D4) differed significantly higher (P<0.05) haemoglobin (Hb g dL"'), 
hematocrit value (Hct %) and red blood cells (RBCs x 10^  mL'') (Table 4). Further 
increase in dietary isoleucine at 17.6 g kg"' (D5) did not result in significant decline in 
these hematological parameters. However, fish fed 19.9 g kg"' (D6) isoleucine of the 
diet displayed significantly lower (P<0.05) values for hemoglobin, hematocrit and 
RBCs (P<0.05). 
Whole body composition 
Varying levels of dietary isoleucine had significant infiuence (P<0.05) on whole body 
composition (Table 4). A corresponding increase in whole body protein content was 
noted which peaked at a dietary isoleucine 14.8 g kg"' of dry diet (D4). Body moisture 
content showed a negative correlation (Y=779.4835-2.I078X; R^=-0.996) with the 
increase in dietary isoleucine while body fat showed a positive correlation 
(Y=18.1823+2.63X; R^=0.969). Body ash content remained almost unaffected 
(P>0.05) in response to varying concentrafions of isoleucine in the diet. 
DISCUSSION 
The present study was designed to generate the data on the dietary isoleucine 
requirement of fingerling H. fossilis. This study clearly indicates that the varying 
levels of isoleucine afi'ected the growth performance of this fish, also indicating its 
essentiality for formulating diet of this fish. Amino acid requirements of fishes have 
been estimated using a variety of methods including the broken-line model (Robbins 
et al. 1977) and nonlinear regression (Mercer 1982). Cowey (1994) reported that the 
growth response of an animal to a limiting nutrient does not break at a particular 
point, it rather approaches an asymptote once the requirement for maximum gain is 
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reached. Therefore, a non-Hnear approach most accurately represents growth in 
response to dietary restrictions of an essential nutrient (Fink et al. 1987). As it has 
been reported that the use of maximum (100%) response as the threshold level for a 
quadratic function is inappropriate, 95% maximum response is a practical set point for 
estimating the requirement with non-linear functions (Gahl et al. 1991; Rodehutscord 
et al. 1995a; 97; Encarna9ao et al. (2004). Therefore, to determine the isoleucine 
requirement of fmgerling H.fossilis, requirement is taken at the point of the curve at 
which the maximum slope of the curve plateaued by 95%. 
Second-degree polynomial regression analysis of absolute weight gain (AWG 
g fish"'), feed conversion ratio (FCR), protein and energy deposition (PD fish'' and 
ED fish"') and isoleucine retention (IR%) data predicted the requirement at 14 g kg"' 
of dry diet, corresponding to 36.8 g kg"' protein, which is higher than that reported for 
channel catfish, Iclalurus punctatus 26 (Wilson et al. 1980), Clarias hybrid 20 
(Unprasert 1994), red sea bream 22 (Forster & Ogata 1998), red drum 29 (Moon & 
Gatlin 1991), Indian major carp, Cirrhinus mrigala 31.5 (Ahmad & Khan 2006), 
Atlantic salmon 32 (Rollin 1999), Nile filapia 31 (Santiago & Lovell 1988) and is 
lower than the requirement of milk fish 40 (Borlongan & Coloso 1993), Japanese eel 
40 (Nose 1979), and grass carp, Ctenopharyngodon idella 40-42.3 g kg"' of the 
protein (Xiao et al. 2009). These differences in the requirement may be due to the 
differences in age, quality of the diet used, and laboratory conditions and mainly due 
to species differences (Akiyama et al. 1997). Feeding levels adopted is another 
important variable that may influence the estimate of the requirement (Chiu et al. 
1988). A wide range of mathematical and statistical approaches (NRC 2011) may also 
result in great variability in essential amino acid requirements. In the present study, 
fish reared on isoleucine-deficient diets (Dl and D2) could not perform well and 
reduced growth followed by inferior feed conversion was apparent. Fish fed diets (D3 
and D4), improved growth and feed conversion which indicates to better utilization of 
the nutrients from the diet at these levels. Several researchers have observed similar 
growth responses to dietary supplementation of isoleucine (Parr et al. 2003; Kendall 
et al. 2004; Kerr et al. 2004b). Depression in growth and feed efficiency were 
observed by the fish fed with surfeit levels of isoleucine in diets (D5 and D6). It may 
be due to the reason that excessive amount of isoleucine led to accumulation and 
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oxidation to ketones and otlier toxic metabolism, therefore, adversely affecting 
growth. This growth retardation is also due to the fact that disproportionate amount of 
one amino acid affects the utilization of another amino acid (Coloso et al. 1999). It is 
previously reported that deficiencies or excesses of any branched-chain amino acid 
causes loss of weight and poor feed conversion in fishes (Borlongan & Coloso 1993; 
Ravi&Devaraj 1991). 
Animals retain protein in their body according to their growth potential, feed 
availability and age or body weight (Verstegen & Jongbloed 2003). The efficiency for 
protein deposition is determined by the availability of the most limiting amino acid at 
the site of protein anabolism and excess of amino acids are degraded and the surplus 
nitrogen is excreted as ammonia depending on species (Furuya & Furuya 2010). 
Protein deposition in H. fossilis increased with increasing levels of dietary isoleucine 
up to 14.8 g kg"' of dry diet (D4). Beyond this level (>14.8 g kg"') protein deposition 
was significantly reduced in this fish. It may be due to the fact that when fish are fed 
an imbalanced amino acid diet, the absorbed dietary amino acid not matching the 
profile needed for protein synthesis will be deaminated and used in energy 
production, gluconeogenesis or lipogenesis (Ballantyne 2001). 
The results of body composition are also consistent with the above reports. In 
this study, fish fed high levels of dietary isoleucine at 17.6 (D5) and 19.9 g kg"' (D6) 
accumulated more fat in its body as the energy might have diverted towards the 
synthesis of lipids in the body and away from metabolizing amino acids for protein 
synthesis. Fish fed diet D4 exhibited low lipid accumulation in its body supporting the 
view of a more healthy fish, utilizing the dietary protein most efficiently for protein 
synthesis and retention, and for lean growth. Efficiency of amino acid retenfion is an 
important feature in defining amino acid requirements in several other fish species. 
Amino acid imbalanced diets have been shown to increase amino acid oxidation (Kim 
et al. 1983; Kaczanowski & Beamish I99C). Therefore, in the present study, 
isoleucine retention has been determined to predict more accurate dietary isoleucine 
requirement of this fish. Low isoleucine retention in fish fed diets containing deficient 
amounts of isoleucine (Dl, D2 and D3) may be attributed to imbalanced amino acid 
profiles which could increase oxidation of all the essential amino acids and decrease 
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amino acid retention as has also been reported in adult fish (Tacon & Cowey 1985). 
Similarly, increase in energy deposition was noted with the increase in dietary 
isoleucine up to 14.8 g kg"' (D4). However, further increase in dietary isoleucine 
could not increase energy deposition indicating excess amount of isoleucine in fish 
fed diets D5 and D6 lead to decline growth due to the need to eliminate it from the 
body by oxidation and deamination. 
Haemoglobin and haematocrit levels are important indicators offish health. In 
present study decrease in haematological values coincided with inferior growth 
performance, particularly in the groups fed lower levels of dietary isoleucine at 7.3 
(Dl), 10.1 (D2) and 12.6 g kg"' (D3). RBCs counts also showed a similar pattern. 
According to D'Mello (2003) isoleucine may be a glucogenic or ketogenic amino 
acid, influencing positively the synthesis of fat in the body, if in excess level in the 
diet. 
The branched-chain amino acids also exhibit antagonism in which excessive 
intakes of one amino acid in the diet antagonize the utilization of the other two 
branched chain amino acids, because these amino acids share common catabolic 
enzymes, and a decrease in oxidation should logically affect on their catabolism 
(Choo et al. 1991). Existence of antagonism of isoleucine with other structurally 
similar amino acids, valine and leucine has been described in several species of 
terrestrial animals but not fully assessed in fish (Yamamoto et al. 2004). The 
antagonism occurs when either of the branched-chain amino acids is in excess in the 
diet. An excessive supply of one branched-chain amino acid may stimulate branched-
chain amino acid-degrading enzymes, resulting in the degradation of the other two 
branched-chain amino acids (Harper et al. 1984). The interactions between branched-
chain amino acids, therefore, seem to depend on the supply of each branched-chain 
amino acid. Hence, maintaining an appropriate ratio among the branched-chain amino 
acids is very important to reduce the possibility of antagonism among these amino 
acids. Since we have used casein and gelatin as intact protein sources, these 
ingredients does not contain excessive levels of either valine or leucine and we have 
maintained an adequate amount of leucine and valine by simulating the amino acid 
profile including leucine and valine to that of 380 g kg"' whole chicken egg protein. 
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Therefore, this issue is not apparent in studies utilizing purified ingredients. Hence, 
the possibility of antagonism of isoleucine with these two amino acids is diminished 
in this study which is also evident by the growth curve where no steep fall is recorded 
even at surfeit levels of dietary isoleucine intake in Singhi. 
Based on the second-degree polynomial regression analysis of absolute weight 
gain, protein and energy deposition, and isoleucine retention data, we recommend the 
inclusion of isoleucine at 14 g kg'' of dry diet, corresponding to 36.8 g kg"' of dietary 
protein for optimum growth of this fish. The data generated in this study may be used 
for formulating isoleucine balanced commercial feeds for this fish. 
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Summary 
This study was conducted to quantify dietary L-isoleucine requirement of fingerling 
Heteropneustes fossilis (6.8±0.03g) by conducting 8-week feeding trials in a flow-
through system (1-1.5L min"') at 28°C water temperature. Casein and gelatin based 
isonitrogenous (380 g kg"' CP) and isocaloric (17.9 MJ kg-' GE; 15.3 MJ kg'' DE) 
amino acid test diets with six incremental levels of L-isoleucine (7.5, 10, 12.5, 15, 
17.5 and 20.0 g kg'' of dry diet) were fed to randomly assigned quadruplicate groups 
offish to apparent satiation at two feeding schedules (07:00 and 17:30 h). Maximum 
absolute weight gain (AWG g fish''; 41.9), best feed conversion ratio (FCR; 1.97), 
protein deposition (PD; 0.24 fish''), energy deposition (ED; 0.59 fish"') and isoleucine 
retention (IR; 68%) were recorded for the groups fed diet containing 14.8 g kg"' 
isoleucine of the dry diet. A consistent and significant improvement (P<0.05) in body 
protein content was recorded in response to increasing levels of dietary isoleucine 
intake which peaked (176 g kg"') in groups fed at 14.8 g isoleucine kg"' of the diet. 
However, body fat content showed a linear positive correlation (Y=18.1823+2.63X; 
R =0.969) in response to increase in dietary isoleucine concentrations. Hematological 
parameters also showed significant improvement (P<0.05) in fish fed dietary 
isoleucine up to 14.8 g kg"' of the diet. To obtain a more accurate isoleucine 
requirement, AWG g fish"', FCR, PD fish"', ED fish"' and IR% data were subjected to 
second-degree polynomial regression analysis which at 95% maximum and minimum 
responses exhibited their best values at 14.9, 15.1, 14.1, 14.3 and 14.1 g kg"' of dry 
diet, corresponding to 39.2, 39.7, 37.1, 37.6 and 37.1 g kg"' dietary protein 
respectively. Based on the above analyses, optimum dietary isoleucine level for 
fingerling H. fossilis was recommended at 14 g kg"' of dry diet, corresponding to 36.8 
g kg"' dietary protein. 
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Fig. 1. Quadratic regression analyses of AWG g fish' and FCR as affected by graded 
concentrations of dietary L-isoleucine. Arrow indicates the requirement at 95% of the 
upper and lower asymptote. Each point represents the means of four repHcates per 
treatment (n=4) with 20 fishes per replicate. 
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Fig. 2. Quadratic regression analyses of PD fisii"' and ED fish"' as affected by graded 
concentrations of dietary L-isoleucine. Arrow indicates the requirement at 95% of the 
upper and lower asymptote. Each point represents the means of four replicates per 
treatment (n=4) with 20 fishes per replicate. 
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CHAPTER 9 
DIETARY L-VALINE REQUIREMENT OF FINGERLING STINGING 
CATFISH, HETEROPNEUSTES FOSSILIS (BLOCH) AS DETERMINED BY 
GROWTH, FEED CONVERSION, VALINE RETENTION EFFICIENCY, 
BLOOD PARAMETERS AND PROTEIN AND ENERGY DEPOSITION 
INTRODUCTION 
Fish is a good source of protein, vitamins and minerals. Hence, supplementation of 
food witii fish provides a variety of nutrients and thus contributes in improving 
nutritional status of the people. Since protein is the best and cheap, their is a growing 
demand world over. This has led to overexploitation of natural stock. Aquaculture can 
play a major role in meeting demands for human consumption. Nutrition is the most 
important decisive factor in aquaculture because feed represent 40-50% of production 
costs (Craig & Helfrich 2002). Protein in feed is the most abundant and costliest 
macronutrient provision of quality feeds furnishes. Amino acids that are required for 
the synthesis of a variety of specific proteins including cytokines and antibodies and 
regulate key metabolic pathways for growth and immune boost up. Because of a 
negative impact of amino acid imbalance and antagonism on nutrient intake and 
utilization, an excess supply of amino acids in the diet can be deleterious to growth. 
Hence, for sustainable aquaculture knowledge regarding the optimum dietary essential 
amino acid requirement is necessary. Dietary deficiency in any of the essential amino 
acid will impair protein synthesis and suppress fish growth (V/ilson 2002). Therefore, 
determining the dietary requirement of essential amino acid is an important aspect of 
developing a complete diet for a given fish species. Of the three branched-chain 
amino acids, valine has received more attention as it directly increases fish growth 
through increasing digestive and absorptive capacity and influencing the balance of 
intestinal microflora (Dong et al. 2012). 
Heteropneustes fossilis, the fish under study, commonly known as Singhi, is 
an important warmwater fish for aquaculture. It is one among the highly priced 
freshwater air-breathing fish species in tropical and sub-tropical regions of the world 
including India. Despite its immense nutritive and medicinal value, production of this 
fish through intensive aquaculture is constrained by lack of complete information on 
nutrient requirement hampering efforts developing nutritionally balanced commercial 
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feeds. Further, In contrast to the extensive information available on the protein and 
essential amino acid needs of carps and other freshwater fish species, excepting the 
requirements reported on dietary arginine, tryptophan, lysine, histidine and leucine 
requirement for fry and fingerling stage of this fish (Khan & Abidi 201 la, b; Farhat & 
Khan 2012a, b, 2013a, b, c), information on remaining dietary essential amino acid 
requirements of fingerling//./o5'.«7/.y is almost lacking. 
Although quantitative dietary requirements of all ten essential amino acids 
have been reported for several aquaculture species (Halver 2002, NRC 2011), little 
infomiation on valine requirements of cultivable finfish species is available (Abidi & 
Khan 2004, Dong et al. 2012). Hence, the present study was undertaken to determine 
the L-valine requirement of fmgerling H.fossilis. 
MATERIALS AND METHODS 
Preparation of amino acid test diets 
Casein (vitamin and fat-free)-gelatin based basal diet was supplemented with 
incremental levels of L-valine to produce six different concentrations of L-valine (7.5, 
10.0, 12.5,15.0,17.5, 20 g kg"'). Diets were assigned the numbers as Dl, D2, D3, D4, 
D5 and D6. Isonitrogenous (380 g kg'' crude protein CP) and isocaloric (17.9 MJ kg"' 
gross energy GE; 15.3 MJ kg"' digestible energy DE) amino acid test diets were 
formulated. Ingredients used to prepare the diets have been listed in Table 1. The 
amino acid test diets contained 380 g kg"' CP which was slightly lower than the 
optimum protein requirement of this fish (400 g kg"' CP; Siddiqui & Khan 2009). 
This reduction was made to ensure more efficient utilization of the limiting amino 
acids from the diet (Wilson 1989, Zhou et al. 2010). Crystalline L-amino acids were 
added to the intact protein sources to simulate the amino acid profile of the 
experimental diets to that of 380 g kg"' whole chicken egg protein excepting the test 
amino acid valine. Total L-valine contributed by the intact protein sources (casein and 
gelatin) was 0.4 g kg"' diet. All diets were kept isonitrogenous by decreasing the 
levels of non-essential amino acid glycine on equal nitrogen basis as the valine level 
increased. Crystalline L-amino acid premix was pre-coated with carboxymethyl 
cellulose and freeze-dried prior to use. The pH of each diet was adjusted to 7.0 by the 
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addition of 6N NaOH (Wilson et al. 1977). The CMC-bound crystalline amino acid 
mixtures and other dry ingredients were then added to the casein-gelatin paste. This 
was done to delay its digestive absorption, optimize its use for protein accretion, 
improve the water stability of the diets and prevent the leaching of the amino acids 
from the diet. A blend of cod liver oil and corn oil (2:5) were used as the dietary lipid 
source to provide n-3 and n-6 fatty acids. Vitamin and mineral premixes were 
prepared as per Halver (2002). Diets were made isoenergetic by adjusting the amount 
of dextrin. All the amino acid test diets were prepared as per Abidi & Khan (2007) as 
detailed under General IVIethodology section (page 12-13). The final diet with bread 
dough consistency was poured into a teflon-coated pan, cut in the form of small cubes 
and stored at -20 °C until fed to fish. To confirm the calculated levels of dietary 
valine, diets were analyzed using an automated Amino Acid Analyzer (Hitachi L-
8800, Tokyo, Japan). The analyzed dietary L-valine values were above 98% of the 
intended value (7.4, 10.1, 12.4, 14.9, 17.4 and 20.1 g kg"' dry diet). The proximate 
and amino acid composition of the amino acid test diets have been provided in Table 
2. As digestible energy values of the ingredients used in diets for H.fossilis is not 
available, it was calculated using the conversion factors 18.8, 14.63 and 35.5 MJ g"' 
for protein, dextrin and lipid, respectively (Jauncey 1982). 
Fish rearing and acclimation 
Source of fish and their acclimafion have been described under General Methodology, 
section (page 9). 
Experimental design and feeding trial, feeding regime and weekly measurements 
Details of this section have been elaborated under General Miethodology section (page 
10-11). 
Water quality measurements 
Water quality parameters were recorded daily during the feeding trial as per the 
standard protocol (APHA 1992) mentioned under General Methodology section (14). 
The average water temperature, dissolved oxygen, free carbon dioxide, total NH3-N, 
nitrite-N, nitrate-N, pH and total alkalinity based on daily measurements were 27.6°C, 
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7.05 mgL', 8.6 mgL"', 0.23 mgL"', 4.3 ingL"', 3.8 mgi:', 7.6 and 75.3 mgL"', 
respectively. Natural photoperiod was used throughout the experiment. 
Hematological procedures 
Before taking the blood samples, fish were starved for 24 h and anesthetized with 
MS-222 at the concentration of 100 ug m L"'. The hematological measurements were 
performed as per the method described in General Methodology section (page 16-17). 
Sample collection 
Initial and final fish samples were taken after anesthetizing the fish (100 mg L~' MS-
222, Sigma, St Louis, MO, USA) and kept frozen at -20°C for subsequent whole body 
proximate analysis. Before every sampling, fish were fasted for 24 h to empty their 
guts. Six subsamples of a pooled sample of 30 fishes were analysed for initial body 
composition. At the end of the experiment, 6 fishes from each replicate of dietary 
treatments were pooled separately and 3 subsamples of each replicate from the pooled 
sample (n=4x3) were analysed for final whole body composition. 
Proximate and gross energy density analyses of the test diets and fish 
Proximate composition of casein, gelatin, experimental diets, and initial and final 
body composition was estimated using standard methods (AOAC 1995) detailed 
under General Methodology secdon (18-23). Gross energy of the amino acid test diets 
was calculated on the basis of fuel values 23, 20.19, 24.24, 16 and 37.6 MJ kg"' for 
casein, gelatin, amino acids, dextrin, and fat, respectively, determined using a 
Gallenkamp ballistic bomb calorimeter (Gallenkamp, Loughborough, UK). The 
analyzed values of the gross energy content of each amino acid test diets have been 
provided in Table 2. 
Amino acid analysis of the test diets 
Amino acid analysis of casein, gelatin, reference protein, experimental diets, and 
initial and final fish body was performed according to Khan & Abidi (2011b) as has 
been described under General Methodology section (23-24). The results of this 
analyses are presented in Table 2. 
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Growth performance evaluation 
Calculations of various growth parameters were made according to the standard 
definitions as described under General Methodology section (page 25-27). 
Statistical analyses 
Data were statistically analysed as per the standard methods given under General 
Methodology section (page 27). 
RESULTS 
Growth performance, feed intake and per cent survival 
Weight gain, feed conversion, protein and energy deposition and, valine retention 
efficiency were found to improve with the increase in valine concentrations up to 15.1 
g kg'' of the diet (D4). Growth of the fish fed diets containing 17.4 g kg"' (D5) 
remained almost same (P<0.05). However, further increase in dietary valine level at 
20.1 g kg"' (D6) led to a significant drop (P<0.05) in above growth parameters. Feed 
intake in fish fed diets Dl and D2 was significantly (P<0.05) lower compared to those 
fed D3 and D4 diets and insignificantly (P>0.05) different between Dl and D2. 
However, significantly (P<0.05) higher feed intake was recorded in fish fed diets 
containing higher concentrations of valine (D5 and D6). No pathological signs related 
to valine deficiency were apparent in Singhi and no fish died during the length of the 
feeding trial. 
Hematological features 
The hematological features of fingerling Singhi were significantly affected (P<0.05) 
by dietary valine concentrations (Table 4). Hemoglobin (Hb g dL"'), hematocrit 
(Hct%) and red blood cells (RBCs x\f mL"') were recorded in fish fed dietary valine 
at 7.4 (Dl), 10.1 (D2) and 12.4 g valine kg"' of the diet (D3). These parameters 
exhibited significantly higher values in fish fed dietary valine at 15.1 g valine kg" of 
the diet (D4) followed by no significant differences in the above blood parameters in 
fish fed diets D5 and D6. 
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Body composition 
Table 4 presents the body composition of fingerling H. fossilis fed the experimental 
diets containing graded levels of valine. Body protein significantly increased (P<0.05) 
with increasing levels of valine from 7.4 (Dl) to 15.1 g kg ' of dry diet (D4). Body 
protein content of the fish fed diet containing 17.4 g kg"' of dry diet (D5) remained 
the same. However, further increase in dietary valine in diet D6 exhibited a significant 
decline in body protein content of the fish. Body lipid content ranged from 37.7-51.9 
g kg"' and showed a negative correlation (Y=733.975+1.412X; R^=0.994) and 
moisture content showed a positive correlation (Y=733.975-i-1.412X; R =0.994) with 
increase in dietary valine. The whole body ash content remained relatively constant 
among these treatments (P>0.05). 
Mathematical analysis and valine requirement 
To determine the dietary valine requirement more accurately, the response variables 
AWG g fish'', FCR, PD fish"', ED fish"' and VRE% were subjected to quadratic 
regression analysis. The best values at 95% maximum and minimum responses of the 
above parameters were found at 14.9, 14.9, 14.1, 14.1 and 14.9 g valine kg"' of the 
diet (Figures 1, 2 and 3). Based on the above quadratic regression analysis of AWG g 
1 1 1 
fish", FCR, PD fish", ED fish" and VRE% data, dietary valine requirement was 
recommended at 14.6 g kg"' of the dry diet, corresponding to 38.4 g kg"' of the 
protein. The quadratic equations employed to calculate the requirement was as under: 
Y95% max AWG g f,sh"'=-0.30789X^+l 1.06023X-55.42277; R^=0.972 
Y95% mm FCR =0.02063X^-0.70462X+7.9351; R^=0.991 
Y95% max PD fish"'=-0.00158X^+0.05343X-0.00697; R^=0>.948 
Y95% max ED feh =-0.00372X^+0.1261 lX-0.48283; R^=0'.947 
Y95%maxVRE%=-0.493X^+17.18X-80.15;R2=0.975 
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DISCUSSION 
Amino acids are essential precursors for the synthesis of a wide array of nitrogenous 
substances with enormous biological importance (Wu et al. 2007). Some of these 
bioactive molecules include neurotransmitters, hormones and the antioxidants. They 
are the key regulators of metabolism, growth, development, immune response and 
health. Since valine is an essential amino acid and is involved in growth and 
metabolic processes in fish body, it is very important to determine dietary valine 
requirement of Singhl. The most common method for quantifying dietary essential 
amino acid requirements is the classic dose-response approach using experimental 
diets containing graded concentrations of a specific essential amino acid (Wilson 
2003; Luo et al. 2005, 2006; Kaushik & Seiliez 2008). 
Nutrient requirements of fish are generally determined using broken-line 
regression analysis. It also has inherent methodological problems (Cowey & Luquet 
1983; Cowey & Tacon 1983; Cowey 1988, 1994; Wilson 1989; Dabrowski & 
Guderley 2002), which are responsible for large variations observed in the essential 
amino acid requirement values (Tacon & Cowey 1985; Cowey 1994; Kaushik 1995; 
Fournier et al. 2002). However, the quadratic model is thought to be more appropriate 
(Fuller & Garthwaite 1993) because it applies biological theories, recognizing that the 
response of animals to increasing supplies of a deficient nutrient does not follow a 
linear pattern, but usually demonstrate the law of diminishing return. Since in practice 
it is inefficient to formulate diets with a maximum response, therefore, 95% of the 
maximal quadratic plateau as suggested by Baker (1986) has been taken to determine 
the valine requirement. The model at 95% maximum and minimum responses of the 
indicators estimated the dietary valine requirement at 14.6 g kg"' of the dry diet, 
corresponding to 38.7 g kg'' dietary protein. To avoid the variations in requirements 
induced by many aspects such as diet, size and age of the fish, the requirement has 
been reported as percentage of dietary protein (Santiago & Lovcil 1988). The valine 
requirement of fingerling Singhi worked out in this study Is almost similar to the 
requirements reported for chinook salmon, Onchorhynchus tshawytscha 32 (Chance et 
al. 1964), rainbow trout, 0. mykiss 29 (Ogino 1980), Atlantic salmon, Salmo salar 39 
(Rollin 1999), chum salmon, 0. kisutch 30 (Akiyama & Aral 1993), milkfish, Chanos 
chanos 36 (Borlongan & Coloso 1993), Indian major carp, Labeo rohita 37.5 (Abidi 
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& Khan 2004) and Jain carp, Cyprinus carpio var. Jian 40 (Dong et al. 2012) g kg"' 
dietary protein. The discrepancies reported in valine requirements of various fish 
species could be attributed to factors such as differences in basal diet composition, 
size and age offish, genetic strain (Akiyama et al. 1997), feeding rate and culture 
conditions (Chiu el al. 1988) which may affect the overall growth and requirements 
value. 
The growth and feed conversion ratio of a fish is remarkable tool to compute 
the acceptability of artificial feed. The proper information of FCR provides the basis 
to develop acceptable feed. Feed conversion is affected by the growth rate. With a 
faster growth rate, the energetic cost for maintenance needs per kg of growth will be 
lower. Thus, faster growing animals will have a higher feed conversion and better 
performance, as long as this faster growth does not lead to fatter animals. In this study 
as well, the FCR was found to correspond to the weight gain of fingerllng Singhi. 
Excellent feed conversion ratio obtained for the groups fed 15.1 g valine kg"' diet is 
indicative of the fact that dietary valine at above level in fingerling Singhi was 
maximally being utilized for attaining lean growth in terms of protein deposition and 
least is being utilized for fat deposition. 
The weight gain of fish is associated with the accretion of protein (Bureau et 
al. 2000). Sveier et al. (2000) reported that protein deposition in fish is mainly 
associated with amino acid metabolism. Fish have a remarkable capacity to utilize 
amino acids both as metabolic fuel and as precursors for protein, lipid and 
carbohydrate synthesis (Wood 1993). Protein synthesis and deposition are known to 
be the most efficient when all the required amino acids are present simultaneously at 
the sites of synthesis (Cho & Kaushik 1990; Ng et al. 1996). Increasing the dietary 
valine concentrations from 7.4 (D I) to 15.1 g kg"' of diet (D4) resulted in significantly 
high protein and energy deposition (PD fish"' and ED fish"') which may be attributed 
to an increase of the net prote'n synthesis with the increase in dietary valine up to the 
required level and thereafter remained almost unchanged in fish fed diet 05. 
However, a decline in these parameters was recorded in fingerling fed diet D6. 
In determining valine requirement, dietary isoleucine and leucine 
concentrations must be considered. The antagonism between the branched-chain 
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amino acids has been reviewed by Harper et al. (1984). Branched-chain amino acids 
share the first two steps of their catabolism and compete for the same enzymes. At 
first the branched-chain amino acids are transaminated, and the resuHing branched-
chain a-keto acids are oxidatively decarboxylated by a multienzyme complex, the 
branched-chain a-keto acid dehydrogenase complex. The second step is irreversible 
and rate limiting. Especially high a-ketoisocaproate concentrations can increase 
catabolism of other branched-chain amino acids by stimulating the activity of 
branched-chain a-keto acid dehydrogenase (Pa-xton & Harris 1984). Excess dietary 
leucine depresses plasma concentrations of valine and isoleucine, and increases 
whole-body valine oxidation by increasing branched-chain a-keto acid dehydrogenase 
activity (Block & Harper 1984; Langer et al. 2000). The severity of adverse effects 
from disproportionate amounts of amino acids depends on several factors including 
the nutritional quality of the diet and nutritionally inferior diet particularly in terms of 
protein and essential amino acids may accentuate these effects. Increased dietary 
leucine concentrations thus result in an increased nutritional need for isoleucine and 
valine. To minimize antagonistic effects in this study, therefore, dietary excesses of 
leucine and isoleucine were avoided by the inclusion of these two amino acids as per 
the requirement of the Singhi. Hence, no apparent antagonistic effects of excess 
branched-chain amino acids were found in this study at surplus levels of dietary 
valine (D5 and D6). 
Weight gain progressively increased with increasing inclusion of dietary 
valine and was highest in fish fed diet containing 15.1 g valine kg"' of the diet (D4). 
Beyond this level, v/eight gain remained almost same. Moreover the adverse effects of 
disproportionate amounts of valine described in other fishes (Harper et al. 1970; 
Southern & Baker 1982) were not evident here in fingerling Singhi due to the above 
cited reasons. The fish appeared apparently insensitive to a moderate dietary excess of 
valine (D5). However, slight growth depression was recorded in fish fed dietary 
valine at 20.1 g kg"' of the diet (D6). It is speculated that this decline in growth 
performance offish fed with a large surplus of valine could be a consequence of a 
dietary amino acid imbalance, induced by excessive dietary valine which in turn 
stimulated amino acid catabolism in the liver diverting more energy towards 
catabolism rather than anabolic process. The lack of detectable interactive effects of 
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the three branched-chain amino acids rules out the possibihty of the antagonisms 
among the branched-chain amino acids. Thus, under these conditions, slight decline in 
growth performance of Singhi at 20.1 g valine kg'' of the diet (D6) is only the 
function of the energy expenditure towards valine oxidation and catabolism due to its 
excessive intake and not due to the interactions of the branched-chain amino acids. 
Hematological parameters provide valuable information regarding the health 
of the fish. Since amino acids are directly concerned with the formation of the stroma 
of red cells and formation of hemoglobin, growth performance data were also 
confirmed by the analysis of blood variables. The hemoglobin content, Hct and RBCs 
value remained at lowest concentration in fish fed 7.4 g kg"' valine of the dry diet 
(Dl) but rapidly increased in a linear manner in fish fed valine up to 15.1 g kg"' of the 
dry diet (D4). These values were almost similar to those reported for clinically healthy 
wSinghi by Pandey et al. (1976). Hemoglobin synthesis does not proceed to its normal 
rate if valine is lacking or deficient in the diet. Inadequacy of dietary valine in fish fed 
the above diets may be the reason for low haemoglobin of the fish fed Dl diet. 
Moreover, blood parameter values of fish fed higher concentrations of dietary valine 
(D5 and D6) remained almost unaltered indicating that these levels were not high 
enough to induce the physiological disturbances in blood cell formation and hence 
fish fed dietary valine at these levels did not show any adverse effect on the health 
status of Singhi. 
Body composition is a true reflector of the nutritional status of the fish and is 
used as an indicator of fish quality. It provides insight into the estimation of amino 
acid requirements and varies with diet, feed rate, genetic strain and age (Austreng & 
Refstie 1979). Nutritional value and sensory attributes of the flesh are the main 
determinants of fish quality as perceived by the consumer (Grigorakis 2007). 
Concerning the organoleptical properties, a high content of fat in the farmed fish 
could lead to a lower texture (Johnston et al. 2000). The dietary valine level 
significantly affected moisture, protein and fat contents. The results of body protein 
content in valine deficient group may be attributed to imbalanced amino acid profiles, 
which could increase oxidation of all the essential amino acids and decrease amino 
acid retention as has also been reported in adult fish (Tacon & Cowey 1985). In 
several studies it has been reported that in the event of deficiency or excess of one of 
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the indispensable amino acids, body proteins are broken down to provide the limiting 
amino acids and the remaining amino acids are catabolised and lost (Munro 1976). 
Increasing dietary valine concentration from deficit (Dl, D2, D3) to oversupply (D5, 
D6) had no effect on body ash content. 
Based on the quadratic regression analysis at 95% maximum and minimum 
response of absolute weight gain, feed conversion ratio, protein and energy 
deposition, and valine retention efficiency data generated during the present study on 
fingerling H.fossilis, it is recommend that an inclusion of valine at 14.6 g kg"' of the 
dry diet, corresponding to 38.4 g kg' of the dietary protein is optimum for growth of 
this fish. Data generated during the present study may be used in formulating valine 
balanced practical feeds for the mass production of H.fossilis. 
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SUMMAIIY 
The present study was carried out to elucidate dietaiy valine requirement for 
optimizing growth of fingerling Heteropneustes fossilis (6.9±0.2 g; 11.5±0.3 cm) by 
conducting an 8-wcek feeding trial in a flow-through system (1-1.5 L min" ) at 28°C 
water temperature. Casein-gelatin based isoproteic (380 g kg'' crude protein) and 
isoenergetic (17.9 Ml kg"' gross energy; 15.3 MJ kg'' digestible energy) purified diets 
were supplemented with incremental levels of L-valine to produce six different 
concentrations of valine (7.5, 10.0 12.5, 15.0. 17.5 and 20 g kg"' dry diet). The amino 
acid test diets v.'ere fed to quadruplicate groups of fingerling to apparent satiation 
twice daily at 07:00 and 17:30 h. Absolute weight gain (AWG g fish"'), feed 
conversion ratio (FCR), protein deposition (PD fish"') and energy deposition (ED fish" 
) and valine retention efficiency (VRE%) significantly increased (P<0.05) with 
increasing L-valine concentrations up to 15.1 g kg"' of diet (P<0.05) and remained 
nearly the same thereafter (P>0.G5) in fish fed dietary valine at 17.4 g kg"' of the diet. 
Significant decline in these parameters was recorded in fish t^ d at 20.1 g valine kg"' 
of the diet. In order to have precise information on dietary L-valine requirement of 
fingerling Singhi. the above growth data were subjected to quadratic-regression 
analysis. Calculation of upper and lower asymptote of the quadratic fits at 95% 
resulted in valine requirements at of 14.9, 14.9. 14.1, 14.1 and 14.9 g kg"', 
corresponding to 39.2, 39.2. 37.1, 37.1 and 39.2 g kg"' protein, respectively. Based on 
the average values of optimum dietary valine requirement of fingerling H. fossilis is 
recommendation at 14.6 g kg"' of the dry diet, corresponding to 38.4 g kg"' of dietary 
protein. Information generated during this study is useful to foi'mulate valine-
balanced, cost-effective practical feeds for intensive aquafarming of this fish. 
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Fig. 1. Quadratic relationship of dietary L-valine concentrations vs absolute weight 
gain and feed conversion ratio. Values are means±SD of 4 replicates with 20 fish each 
replicate. Arrow indicates the requirement at 95% of the upper and lower asymptote. 
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Fig. 2. Quadratic relationship of dietary L-valine concentrations vs protein and energy 
deposition. Values are means±SD of 4 replicates with 20 fish each replicate. Arrow 
indicates the requirement at 95% of the upper asymptote. 
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Fig. 3. Quadratic relationsliip of dietary L-valine concentrations vs valine retention 
efficiency. Values are means±SD of 4 replicates with 20 fish each replicate. Arrow 
indicates the requirement at 95% of the upper asymptote. 

CHAPTER 10 
GROWTH, FEED CONVERSION, PROTEIN UTILIZATION AND 
THREONINE RETENTION EFFICIENCIES, NUCLEIC ACID INDICES AND 
BODY COMPOSITION OF FINGERLING STINGING CATFISH 
HETEROPNEUSTES FOSSILIS (BLOCK) FED VARYING LEVELS OF 
DIETARY L-THREONINE 
INTRODUCTION 
Information on essential amino acid requirement of farmed fish is a pre-requisite to 
the production of quality protein feeds. Therefore, to ensure its effective production, it 
is necessary to establish precise dietary essential amino acid requirements of the 
candidate species. Of all the ten essential amino acids, methionine, lysine, tryptophan 
and threonine are deficient in major plant feed protein sources which restrict their 
inclusion in formulated fish feeds (Dabrowski ei al. 2007; Tibaldi el al. 1996). 
Accordingly, the knowledge of the requirements of these four limiting amino acids is 
increasingly important for developing limiting amino acid-balanced, plant protein-
based aquafeeds that ensure cost-effectiveness, rapid growth and minimal 
environmental impact. After lysine and methionine, threonine is generally one of the 
most limiting indispensable amino acids in practical tlsh diets (Tibaldi & Tulli 1999). 
Threonine participates in protein synthesis and its catabolism generates a variety of 
metabolically important products. Due to its implication in basal metabolism, it also 
helps in the maintenance of amino acid balance in animal diet (Rollin et al. 2006). It 
s^rvQS as a component of body protein, involved in immune responses and is a major 
component of mucosal mucins (Fuller et al. 1994) that not only protects the 
gastrointestinal mucosa but also the skin and the gills in fish (Hara ei al. 1984; Perry 
& Laurent 1993) and is, therefore, of particular importance in fish gut maintenance 
(Saldana et al. 1994). Since fish are not capable of synthesizing threonine de novo, its 
dietary inclusion as per the requirement of the species becomes necessary. 
Heteropneusles fossilis. the fish under study, is one of the most demanded 
freshwater air breathing, omnivorous catfish species. Due to the absence of feeding 
standards for this fish, farmers mostly rely on personal experience and feeding 
standards of other catfish species which hampers the quality and yield of this 
medicinally important food fish species. Compared to other warmwater fish species, 
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limited information is available on nutritional aspects of Singhi (Singh & Srivastava 
1984; Akand, Hasan & Habib 1991; Anwar & Jafri 1992; Firdaus, Jafri & Khan 2002; 
Jhingran 1991; Mohamed 2001; Usmani & Jafri 2002; Khan & Abidi 201 la, b). 
Information on dietary threonine requirement of ten cultivable aquaculture 
species are available (NRC 2011). Information on some of the dietary essential amino 
acid requirements of this fish are available (Farhat & Khan 2012a, b; 2013a, b, c). 
Excepting the information on dietary threonine requirement of channel catfish 
Ictalurus punctatus (Wilson et al. 1978), information on dietary threonine 
requirement of Indian ' cultivable catfishes such as Clarias batrachus and 
Heteropneustes fossilis are scarce (Ahmed 2007). 
In view of this, present study was conducted to generate data on effects of 
varying levels of dietary threonine on performance characteristics of fingerling Singhi 
and to establish the optimum dietary threonine level for inclusion in practical feeds to 
augment the aquacultufe production of fingerling H. fossilis. 
MATERIALS AND METHODS 
Preparation of amino acid test diets 
Details pertaining to this section have been given under General Methodology section 
(page 12-13). Briefly, casein-gelatin based isonitrogenous (38% CP) and isocaloric 
(17.9 kJ g-' GE; 15.3 kJ g"' DE) amino acid test diets with six levels of dietary 
threonine (0.75, 1.00, 1.25, 1.5, 1.75, ?.0% of dry diet) were prepared (Table 1). Diets 
were designated as THl, TH2, TH3, TH4, TH5 and TH6. Levels of dietary threonine 
were fixed on the basis of information available on channel catfish (Wilson et al. 
1978; Santiago & Lovell 1988). Experimental diets contained 38% CP which was 
slightly lower than the optimum protein requirement (40%); CP) reported by Siddiqui 
& Khan (2009). This reduction was made to ensure more efficient utilization of the 
limiting amino acids (Wilson 1989; Zhou, Shao, Xu, Ma & Xu 2010). L-crystalline 
amino acids were supplemented to mimic the amino acid profile of the 38% whole 
chicken egg protein, excluding the test amino acid L-threonine. Crystalline amino 
acid premix was pre-coated with carboxymethyl cellulose (CMC) and freeze-dried 
prior to use. The CMC-bound crystalline amino acid mixtures and other dry 
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ingredients were then added to the casein-gelatin paste. This was done to delay the 
digestive absorption of the amino acids from the gut, optimize their use for protein 
accretion or gain, improve the water stability of the diets and prevent the leaching of 
the amino acids from the diet. The threonine content contributed by casein and gelatin 
was 0.54 and 0.08% dry diet, respectively. Threonine added to each diet was replaced 
by an equivalent amount of glycine on protein to protein l?asis. This adjustment was 
made to make the diets isonitrogenous. Experimental diets were made isoenergetic by 
adjusting the dextrin. The amino acid test diets were prepared as per Abidi & Khan 
(2007). Briefly, the dietary ingredients were mixed into a dough using a Hobart 
electric mixer (Hobart, Troy, USA). After thorough mixing, the final diet with bread 
dough consistency was poured into a teflon-coated pan, cut in the form of small cubes 
and stored at -20°C till further use. Diets were analyzed for amino acid levels using an 
automated Amino Acid Analyzer (Hitachi L-8800). Amino acid analysis of diets THl, 
TH2, TH3, TH3, TH4, TH5 and TH6 revealed the threonine content to be 0.74, 0.98, 
1.26, 1.49, 1.78 and 2.02% of dry diet (Table 1). Since digestible energy of the 
ingredients used in diets for H. fossilis is not available, it was calculated using the 
conversion factors 18.8, 14.63 and 35.5 kJ g'' for protein, dextrin and, lipid, 
respectively (Jauncey 1982). 
Water stability of the amino acid test diets 
Water stability of the amino acid test diets was assessed as per the method described 
under General Methodology section (page 14). Results of this analysis revealed a 
water stability of about 97%. 
Fish rearing and acclimation 
Fish rearing and acclimation were done as per details given under General 
Methodology section (page 9). 
Experimental design, feeding trial, feeding regime and weekly measurements 
Fingerling H. fossilis (6.6±0.02g mean body weight; 10.9±0.11cm mean body length) 
were taken from the above-acclimated fish lot and stocked at the rate of 20 fish per 
trough for each dietary treatment level in quadruplicate groups (n=4x20) in 70 L 
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circular polyvinyl troughs (water volume 55 L) fitted with a continuous water flow-
through (1-1.5 L min"') system. Fish were fed test diets in the form of semi-moist 
spherical cakes (33% moisture; 5 mm in diameter) to apparent satiation twice daily at 
07:00 and 17:30h. The apparent satiety was ensured simply by visual observation. The 
fish were starved for 24 h before being individually weighed on a top-loading balance 
(Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, Zurich, Switzerland) on initial day 
and mass weight recorded every 7th day of the experimental period. All the 
measurements were taken under moderate anaesthesia using Tricane Methane 
Sulphonate (MS-222 mg L''). Fishes were exposed to KMn04 solution (1:3000; Loba 
Chemie, India) after each weighing so as to prevent infection caused by handling. The 
feeding trial lasted for 8 week (48 feeding days). Faecal matter was siphoned off 
before and after every feeding. The unconsumed feed was collected soon after active 
feeding, dried and reweighed to measure the actual amount of dry feed consumed for 
accuracy in FCR calculation. 
Water quality parameters 
Water quality parameters were recorded following standard methods (APHA 1992) 
discussed under General Methodology section (page 14). The water temperature, 
dissolved oxygen, free carbon dioxide, total NH3-N, nitrite-N, nitrate-N, pH and total 
alkalinity based on daily measurements ranged between 26-28.5 °C, 6.4-7.5 mg L"', 
7.2-9.4 mg L"', 0.20-0.23 mg L"', 3.8-4.1 mg L"', 3.1-3.3 mg L"', 7.0-7.5 and 65.5-
79.89 mg L'\ respectively. Natural photoperiod was used during the length of the 
experiment. 
Sampling methods 
At the beginning of the feeding trial, fish were anaesthetized by subjecting to a 
moderate dose of 100 mg L"' MS-222, Sigma, St. Louis, MO, USA and killed by 
freezing at -20°C for subsequent whole body proximate analysis. Six fish were 
randomly sampled and pooled. Three subsamples of the pooled sample were taken for 
initial analysis of whole body composition. At the end of experiment, the fishes were 
fasted for 24 h to empty their guts and 6 fishes from each replicate of dietary 
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treatments were pooled separately and 3 subsamples (n=4x3) were analyzed for final 
whole body composition. 
Proximate and gross energy density analyses of amino acid test diets and fish body 
Proximate composition of casein, gelatin, experimental diets, and initial and final 
whole body of fish was estimated using standard methods (AOAC 1995) detailed 
under General Methodology section (page 18-23). Gross energy of the amino acid test 
diets was calculated on the basis of fuel values 23, 20.19, 24.24, 16 and 37.6 kJ g'' for 
casein, gelatin, amino acids, dextrin, and fat, respectively, determined using a 
Gallenkamp ballistic bomb calorimeter (Gallenkamp, Loughborough, UK). The 
analyzed values of the gross energy content of each amino acid test diets have been 
provided in Table 1. 
Amino acid analysis of the test diets and fish samples 
Amino acid analysis of casein, gelatin and amino acid test diets and initial and final 
fish body was performed using the method detailed earlier under General 
Methodology section (23-24). Results of the amino acid analysis of the test diets are 
depicted in Table 2. 
Estimation of nucleic acids 
After the termination of feeding trial, 7 fish from each replicate of the treatment 
groups (n=4x7) were randomly euthanized with MS-222 (100 mg L"') and white 
muscle tissue was removed. Four subsamples of the tissue samples for each replicate 
of the treatment group (n=4x4) were taken for the determination of RNA and DNA. 
Nucleic acids were extracted from the muscle using a modified Schmidt-Thannhauser 
method as described by Moss (1994). RNA was estimated as per the method of 
Mejbaum (1939) and a dual wavelength method of Wilder & Stanley (1983) was 
employed for the estimation of DNA content. The details of these determinations are 
given under the General Methodology section (page 17-18). 
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Growth performance 
Calculation of various growth parameters was made according to the standard 
definitions as described under General Methodology section (page 25-27). 
Statistical analyses 
All growth data were subjected to one-way analysis of variance (Sokal & Rohlf 
1981). Dietary threonine requirement was determined according to the method of 
Baker et al. (2002) and Parr et al. (2003) in which the broken-line and quadratic 
analyses are superimposed and the requirement is determined by establishing the 
point where the quadratic curve first intersected the plateau of broken-line. 
Differences among the treatment means were determined by Tukey's significant, 
difference test at a P<0.05 level of significance (Tukey 1953). Origin (version 6.1; 
San Clemente, CA) was used as the statistical software. 
RESULTS 
The influence of dietary threonine levels on the growth performance of fish is 
summarized in Table 3. Growth parameters such as absolute weight gain (AWG; g 
fish"'), specific growth rate (SGR; % day"') and feed conversion ratio (FCR) increased 
quadratically (P<0.05) with the increase in dietary threonine from 0.74 (THl) to 
1.49% (TH4) of the dry diet. Further inclusion of dietary threonine at 1.78% (TH5) 
did not showed significant change (P>0.05) in the above parameters. However, fish 
fed diet containing next higher level of threonine at 2.02% of dry diet (TH6) exhibited 
significant reduction in weight gain and had inferior feed conversion (P<0.05). 
Protein utilization efficiency (PUE%), lipid productive value (LPV) and RNA/DNA 
ratio also increased significantly (P<0.05) with the increase in .dietary threonine up to 
1.49% of the dry diet (TH4). No fish died during the length of the feeding trial. For 
the precise determination of optimum dietary threonine requirement, the above dose-
response data were subjected to mathematical models in the form of broken-line and 
quadratic regression analyses and the requirement were recommended by establishing 
the point where the quadratic curve first intersected the broken-line plateau when the 
two models were superimposed. The relationships of AWG g fish"', PUE%, 
RNA/DNA ratio and LPV data against varying levels of dietary threonine were best 
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described by the following broken-line and quadratic-regression equations (Fig. 1, 2, 
3,4): 
YAWG g fish"' L,=-15.55975+42.313X; X<1.49% (R^==0.996); L2=61.21133-
9.53384X;X>1.49%, 
YpuE% Li=-6.35736+20.45401X; X<1.49% (R^=0.989); L2=36.51822-
7.28822X;X>1.49%, 
YRNAA)NA L,=-0.22448+2.5275X; X<1.49% (R^=0.997); L2=6.14172-
1.68717X;X> 1.49%, 
YLPV L,=-0.03608+0.32311X; X<1.49% (R^=0.996); L2=0.50759-0.03644X; 
X>1.49%, 
YAWGgnsh''=-37.0522]X^+123.95661X-57.62979(R^=0.962); 
YpuE%=-16.72945X^+57.22475X-25.17526(R^=0.928); 
YRNAA)NA=-2.59455X^+8.12107X-3.04367(R^=0.915); 
YLPV=-0.22883X^+0.82156X-0.28988 (R^=0.977), respectively. 
Threonine retention efficiency (TRE%) against varying levels of dietary 
threonine when fitted using the above mathematical analysis showed a definite 
increase (P<0.05) and reached a maximum value of 69% threonine retention at 1.49% 
threonine of the dry diet (TH4). Threonine retention efficiency of the groups fed 
1.78% threonine (TH5) remained almost same. However, fish fed 2.02% threonine of 
the diet (TH6) reflected significant (P<0.05) decline in threonine retention efficiency. 
The broken-line and quadratic regression equations used to establish the relationship 
between optimum dietary threonine levels corresponding to maximum threonine 
retention efficiency is as under: 
YTRE% Li=-28.63445+64.99727X; X<1.49% (R^-0.991); 12=129.22125-
38.49976X;X>1.49%and 
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YTREO/„=-66.0891X^+210.5X-103.23 (R^=0.897), respectively. 
-1 Absolute weight gain g fish'', PUE%, TRE%, RNA/DNA ratio and LPV data 
when fitted to broken-line and quadratic regression analyses v/ere recorded their best 
values at 1.38, 1.39, 1.39, 1.36 and 1.37% threonine of the dry diet that corresponded 
to 3.63, 3.66, 3.66, 3.58 and 3.61% of the protein. 
Whole body composition 
A substantial improvement (P<0.05) in body protein was obtained with the increase in 
dietary threonine from 0.74 to 1.49% of the dry diet (TH1-TH4). Thereafter, no 
significant (P>0.05) change in the body protein was recorded in fish fed diet 
containing 1.78% threonine (TH5). However, it declined significantly (P<0.05) in fish 
fed sfill higher level of threonine at 2.02% of the dry diet (TH6). Body fat content 
showed a positive correlation (Y=4.16251+0.99455X; R^=0.983) with the increase in 
dietary threonine while body moisture was negafively correlated with it (¥=80.132-
4.6 IX; R =-0.975). Body ash content remained almost unchanged in response to 
varying intake of dietary threonine. 
DISCUSSION 
Deficiency of dietary threonine is known to impair the growth offish (Tibaldi & Tulli 
1999; Ravi & Devaraj 1991; Abidi & Khan 2008). The inferior growth rate and feed 
conversion of Singhi fed 0.74 (THl), 0.98 (TH2) and 1.26% (TH3) threonine diets 
indicated that these diets were deficien,t in threonine. It was also confirmed in various 
other previous threonine requirement studies on terrestrial vertebrates including 
chickens, turkeys (Kidd et al. 1999; Samadi & Liebert 2007) and fish (Ravi & 
Devaraj 1991; Alam et al. 2003; Abidi & Khan 2008; Bodin et al. 2008). In our study, 
fish fed dietary threonine from 0.74 (THl) to 1.49% (TH4) resulted in a significant 
increase in absolute weight gain. The growth depression at super-optimum levels of 
dietary threonine may be due to toxicity caused by excess amino acid beyond the 
optimum level. This pattern suggests that excess threonine caused an imbalance in the 
amino acid profile of the diet which altered the body metabolism. Dietary threonine 
levels, however, did not have any effect on the per cent survival of Singhi in this 
study. 
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A balanced dietary amino acid profile increases the amino acid retention and may 
improve growth and protein utilization (Aragao et al. 2004). Protein utilization 
efficiency (PUE) was maximized at fish fed diet containing 1.49% threonine of the 
dry diet (TH4), remained almost same for the groups fed dietary threonine at 1.78% of 
the diet (TH5). A significant decline in PUE% at higher (2.02% TH6) and lower 
dietary threonine levels i.e. <1.49% threonine of the dry diet (0.74 THl, 0.98 TH2 and 
1.26% TH3) was recorded. The decline in PUE% may probably be due to imbalance 
of threonine in the above diets. The excess (2.02%) threonine might have been 
catabolized in the liver and resulted in production of large amount of nitrogenous 
wastes in the body. Energy expenditure towards the excretion of this might have 
resulted to decrease in energy required for optimum protein synthesis resulting to 
lower values for body protein and RNA/DNA ratio in fish. An imbalanced dietary 
amino acid profile may induce the oxidation of the amino acids in the body instead of 
being deposited for protein synthesis. Inferior values of threonine retention efficiency 
(TRE%) obtained for the groups fed dietary threonine beyond the requirement of the 
fish also indicates that the threonine at these concentrations was being catabolized and 
less was utilized for growth. 
Carcass quality is the most important issue for aquaculturists and is essential 
for economic profitability of aquaculture (Neira et al. 2004). Since, it influences the 
yield of final product, its quality, and acceptance by the consumer, efforts have to be 
made on developing quality protein feeds which could lead to the production of feed 
with high quality protein content. Singhi fed at 1.49% threonine in the dry diet 
exhibited excellent carcass quality in terms of body protein content indicating that 
inclusion of above level of threonine is essential in producing quality protein. Body 
lipid content showed consistent increase which is in contrast to that reported by earlier 
other studies (Khan & Abidi 2011a, Ruchimat et al. 1997). Because threonine is a 
glucogenic amino acid, excess threonine in fish fed diets with 1.78% (TH5) and 
2.02% (TH6) might have been converted to fat through the process of 
gluconeogenesis. The lipid productive value (LPV) was also found to increase with 
increasing concentration of dietary threonine. 
RNA/DNA ratio is a reasonable index of efficiency of protein synthetic 
machinery in cells and is a better indicator of growth (Mustafa & Jafri 1977; Satomi 
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1970; Clemmesen 1994; Westerman & Holt 1988). Since higher RNA/DNA ratio is 
associated with higher growth rates, it was determined to elucidate the effects of 
dietary L-threonine on growth of fmgerling H.fossilis in this study. The RNA/DNA 
ratio of fish attained its highest value for the groups fed dietary threonine at 1.49% of 
the dry diet (TH4) indicating to more efficient utilization of the threonine towards 
protein synthesis at this level. 
There is debate about the suitability of the various models for fitting the 
response curves in nutrient requirement studies (Fuller & Garthwaite 1993; Robbins 
et al. 2006; Pesti et al. 2009). Nutrient requirements in fish can be estimated by either 
broken-line regression analysis (Robbins, Norton & Baker 1979) or quadratic 
regression analysis (Zeitoun et al. 1976). Parr et al. (2003) concluded that use of the 
straight broken-line model was likely to underestimate the nutrient requirement 
whereas the quadratic regression analysis may overestimate the requirement (Baker 
1986) because the requirement is taken at the point where the response of the fitted 
line plateaus. In practice it is inefficient to formulate diets to the maxima of all 
animals in a population, therefore, 95% of the maximal quadratic plateau (Baker 
1986) is usually taken. However, researchers have also used different percentage of 
upper asymptote in calculating the requirement. Since the above approach is 
subjective, an objective method as proposed by Baker et al. (2002) and Parr et al. 
(2003) has been taken in this study to determine the optimum dietary threonine level 
of fingerling H.fossilis. In this method, the broken line and quadratic analyses are 
superimposed and the requirement is determined as the point at which the two 
analyses intersect. Moreover, these researchers observed that the growth response to 
lower levels of a limiting nutrient was curvilinear and they suggested that the abscissa 
of the intersection of the straight broken-line with a quadratic regression curve is, 
therefore, a more accurate estimate (Robbins et al. 2006). 
Based on the above mathematical analysis, estimates of optimum dietary 
threonine level for the H.fossilis derived from the parameters such as AWG g fish', 
PUE%, TRE%, RNA/DNA ratio and LPV ranged between 1.36-1.39% threonine of 
the dry diet, corresponding to 3.58-3.66% protein. The present data correspond to the 
recommendations for various other cultivable finfish species listed in Table 4. Many 
factors, including species, age, dietary protein sources, crystalline amino acids. 
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environmental conditions and experimental design (Tacon & Cowey 1985; Moon & 
Gatlin 1991) are also responsible for the discrepancies in amino acid requirements of 
different fish species. Also, various teleosts studied so far do apparently exhibits 
different responses to diets marginal or excessive in threonine (Tibaldi & Tulli 1999). 
Furthermore, procedure for assessing the requirement (Ishibashi et al. 1998), dietary 
protein supply (Rangel-Lugo et a/. 1994), level of protein deposition and feed intake 
(Samadi & Liebert 2006; 2007) are various other important factors affecting the 
requirements. 
Information on dietary threonine requirement on this fish is scanty (Ahmed 
2007). Moreover, due to a number of reasons, a need has been felt to re-evaluate 
optimum dietary threonine requirement of this fish. Dietary threonine level 
determined in this study is found to be 1.36-139% threonine of the diet which is 
higher than that reported by Ahmed (2007). In the study reported by Ahmed (2007) 
weight gain achieved under almost same laboratory conditions and duration of 
feeding trial was 263% only whereas the growth achieved in present study was found 
to be 700%). The growth of the fish was not probably reached to its full genetic 
potential in the study conducted by Ahmed (2007) which may be due to the several 
reasons. Most importantly, the L-crystalline amino acids were used in uncoated form 
which were probably not utilized from the diet and hence resulted in lower growth 
rate in Singhi. Free amino acids get absorbed faster and this rapid amino acid 
absorption rates may lead to their improper utilization leading to catabolism instead of 
protein synthesis, which results in lower or zero growth. Additionally, the L-
crystalline amino acids are highly soluble, lost through leaching and are not properly 
utilized by the fish, if fed in an uncoated form. Therefore, in this study, the L-
crystalline amino acid premix was pre-coated with carboxymethyl cellulose and then 
freeze-dried which otherwise might have led to earlier release and improper 
utilization of the amino acids for body protein synthesis. It has also been reported 
(Murai et al. 1984) that in carp juveniles fed on all crystalline amino acid test diets, 
36%) of the amino acids were excreted from kidney and gills compared to 12.8%) 
excretion in fish when fed the casein based diet. Threonine requirement of Singhi 
determined in this study is more prudent as the mathematical model adopted in study 
is more appropriate. Also, the amino acid requirement is also reported to be 
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influenced by feeding levels adopted (Chiu et al. 1987) and, therefore, a sufficient 
total daily intake of dietary threonine in present study was assured by ad libitum 
feeding whereas Ahmed (2007) fed at restricted rate of 4% of the body weight which 
is not advisable for nutritional requirement studies. Also, as has been reported by 
Senthilkumaran & Joy (1994) that the feeding activity of H.fossilis declines sharply 
in bright sun light. Ahmed (2007) fed fishes at 08:00 and 16:00h which is not 
appropriate feeding rhythm for this fish and hence proper feed intake could not be 
ensured. Contrary to this, fingerling H. fossilis in this study were fed at 07:00 and 
17:30h which ensured maximum feed intake. Hence, the requirement reported in this 
study is more appropriate. 
The statistical analysis of the growth, protein utilization, threonine retention 
efficiencies, RNA/DNA ratio and body composition data indicates that inclusion of 
dietary threonine in the range of 1.36-1.39% of the dry diet, corresponding to 3.58-
3.66% protein is optimum for growth performance and body composition of H. 
fossilis. The information generated in this study is important for the feed formulists to 
develop threonine-balanced practical feeds for intensive culture of this catfish species. 
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SUMMARY 
An 8-week feeding trial was conducted in a flow-through system at 28 °C to assess 
the effects of dietary L-threonine on growth, protein utilization and threonine 
retention efficiencies, nucleic acid indices and body composition of fingerling 
Heteropneustes fossilis (6.6±0.1g; 10.9±0.2cm). Casein and gelatin based 
isonitrogenous (38% crude protein; CP) and isocaloric (15.3 kJ g"' digestible energy; 
DE) amino acid test diets with six levels of dietary L-threonine (0.75 THl; 1.0 TH2; 
1.25 TH3; 1.5 TH4; 1.75 TH5; 2.0% dry diet TH6) were prepared. The diets were 
hand-fed to randomly assigned quadruplicate groups of fingerling to apparent visual 
satiation twice daily at 07:00 and 17:30 h. Absolute weight gain (AWG; 46.3 g fish"') 
and feed conversion ratio (FCR; 1.98) of the fish fed graded levels of dietary 
threonine increased significantly (P<0.05) up to 1.49% threonine of the dry diet 
(TH4). Protein utilization efficiency (PUE%; 0.25), threonine retention efficiency 
(TRE; 69%), lipid productive value (LPV; 0.45), body protein (18.2%), and 
RNA/DNA ratio (3.6) were also found to increase significantly (P<0.05) in fish fed 
threonine up to 1.49% of the dry diet (TH4). In order to generate precise information 
on optimum dietary threonine requirement for fingerling H. fossilis, the AWG; g fish" 
', PUE%, TRE%, RNA/DNA ratio and LPV data were subjected to the broken-line 
and quadratic regression analyses. The two models were superimposed and the 
requirement was determined by establishing the point where the quadratic curve first 
intersected the plateau of broken-line. On the basis of above mathematical analyses, 
optimum dietary threonine requirement of fingerling H. fossilis was estimated to 
range between 1.36-1.39%) of the diet, corresponding to 3.58-3.66% protein. 
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Fig. 1. Fitted plot of AWG g fish"' vs. dietary threonine levels. The first intercept X 
value of the broken-line (on the plateau) and the quadratic fitted line occurred at 
1.38% threonine of the diet. Each point represents the means of four replicates per 
treatment (n=4) with 20 fishes per replicate. 
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Fig. 2. Fitted plot of PUE% vs. dietary threonine levels. The first intercept X value of 
the broken-line (on the plateau) and the quadratic fitted line occurred at 1.39% 
threonine of the diet. Eiach point represents the means of four replicates per treatment 
(n=4) with 20 fishes per replicate. 
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Fig. 3, Fitted plot of RNA/DNA ratio vs. dietary threonine levels. The first intercept 
X value of the broken-line (on the plateau) and the quadratic fitted line occurred at 
1.36% threonine of the diet. Each point represents the means of four replicates per 
treatment (n==4) with 20 fishes per replicate. 
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Fig. 4. Fitted plot of LPV vs. dietary threonine levels. The first intercept X value of 
the broken-line (on the plateau) and the quadratic fitted line occurred at 1.37% 
threonine of the diet. Each point represents the means of four replicates per treatment 
(n=4) with 20 fishes per replicate. 
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CONCLUSION 
The present study provides complete information on essential amino acid 
requirements of fmgerling stinging catfish, H. fossilis. The information generated 
during this study are tabulated as under: 
S, No. Essential gkg"' dry gkg^  
amino acids diet dietary 
protein 
Publishing media 
1. Histidine 
Lysine 
Arginine 
9.4 
20-23 
15.1-16.6 
24.8 Aquaculture (2013) 404-405: 130-138 
Elsevier Publication. 
53-61 Aquaculture Research (2013) 44: 523-
533 Blackwell Willey Publication. 
39.7-43 7 Aquaculture International (2012) 20: 
935-950 Springer Publication. 
Tryptophan 2.4-2.7 
7. 
8, 
9. 
10. 
Total 
sulphur 
amino acid 
Total 
aromatic 
amino acid 
Leucine 
14.7 
26.5 
16.5 
Isoleucine 14 
Valme 14.6 
6.3-7.1 Aquaculture Research (2012) 
doilO.Hll/are. 12066 filackwell Willey 
Publication. 
28.2 Communicated for publication in 
Aquaculture Else\ ler Publication. 
69.7 
43.4 
36.8 
38.4 
In pipeline for publication in British 
Journal of Nutrition CABI Publication 
Aquaculture Nutrition (2013) 
doi.l 0.1111/anu. 12077 Biackuell 
Willey Publication 
Threonine 13.6-13.9 35.8-36.6 
Data generated during this work would be useful in formulating essential amino acid-
balanced practical feeds for mass culture of fmgerling H. fossilis. 
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Growth, Feed Conversion, and Nutrient 
Retention Efficiency of African catfish, Clarias 
gariepinus, (Burchell) Fingerling Fed Diets 
with Varying Levels of Protein 
FARHAT and iVlUKITrAK A, KHAN 
Fish Nusntion Research Lahoraioiy, Deparlnwnl of Zoology. Aligarh Muslim o 
E Imiwrsily. Alii>arb, India 
E 
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c 
j;;^ Groirlh- feed conversion, and nulrienl relenlion efficiencies of 
^ African calfish fingerling. Clarias ganepiniis (5.22 ± .07 cm; 
~ 8.22 ± 0.03 g). fed diets with varying levels of protein were assessed 
— by feeding seven casein jgelalin based isocaloric (17 62 kjfg GE) 
'g experimental diets with graded levels of dietary fjrolein (20%, 25%. 
> 30%o. 3,5%. 40%:). 45%), and 5()%o of the diet) to triplicale groups of 
D Jish to apparent satiation jor eight weeks. Effects of feeding these 
J diets on live ireight gain (LWG%o), feed conversion ratio (FCR), 
3 protein effciency ratio (PER), protein relenlion efficiency (PRE%f), 
^ and eneigy retention efficiency (EllE%i) ivere assessed. Maximum 
LWG% (867%l PEP (2.01). highest PRE (32%)), ERE (69%o), best 
FCR (1.39). and maximum body fmAein were recorded in fish fed 
diet containing 35%) protein. On the basis of the second-degree 
polynomial regression analysis of the above response variables, 
it is recommended that the inclusion of protein in the range q/' 
34.4Hii-39.6% is optimum for maximizing growth potential, feed 
conversion, and nutrient relenlion in African calfish fingerling. 
Clarias gariepimis 
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INTKODUCnON 
For a successful and sustained intensive aquaculture system, provision of 
feeds with optimized dietar}' protein is crucial (Kim & Lee 2005). Protein 
comprises about 65'M>-70^ Mi of the diy w-eight offish muscle (Wilson & Halver 
1986) and is also metabolized as an energy source, hicrease in dietaiy pro-
tein has often been associated with higher growth rates in many species. 
However, there is a protein level beyond v '^hich further growth is not sup-
g ported and may even decrease (Kim ik Lall 2001; Yang, Liou, & Liu 2002). 
oj Knowledge of optimum protein inclusion in practical diets is of high impor-
S tance in order to manufacture cost-effective feed because it is the major cost 
factor and also affects the nitrogenous waste excretion and thus the organic 
^ loading of the culture en\'ironment. The protein requirement varies with 
~ species and the rearing lemperature. Hence u is important to estimate the 
2 level of dietaiy protein inclusion in formulating feeds for candidate species 
^ under standard environmental temperatures, 
^ .African catfish, Clarias gariepinus. is a freshwater air-breathing 
•g a(|uacu]tLire species. It is (;ne (jf ihe most imp(Jrtanl fish species CLirrentiy 
,> being cultured both within and outside its natural range of tropical and 
5 subtropical environments (Adewolu, Adeniji. & Adejobi 2008; Cek & Yilmaz 
.£ 2009'^  Its resistance to diseases, higli fecundit>'. and easy production in cap-
3 tivity make it ol commercial importance (Hogendoorn 1979; Haylor 1991; 
^ Kestemont et al. 2007), Although information on dietary protein and energy 
ratio and dietary protein level for fr>' stage of this fish is available (Ali & 
jauncey 2005; Farhat & Khan 2009), the present study was conducted to 
generate information on inclusion of optimum dietary protein level in feeds 
fc;r the fingerling stage of tliis fisli. -D 
o 
o 
Q 
.N'lATERIALS AND METHODS 
.Seven cascin/gelatin-bascd isocaloric (17.62 kj/g) diets containing graded 
levels of dietary protein (209(j, 25%. 30%, 35%. 40%, 45%, and 50% of the diet) 
vvcrc formulated (Table 1). Casein and gelatin v\'crc used as a protein sources, 
corn oil and cod oils as lipid sources, white de.xtrin as a carbohydrate source, 
and a-cellulose was used ;is inert filler .Methods of prep;iration of experimental 
diets were the same as reported previously (Siddiqui & Khan 2009). 
Induced bred .African catfish fry, C. gariepinus, were obtained fi'om 
the fish hatcher^' operated by the De]3artment of Zoology, Aligarii Muslim 
UniversiU'. These fiy were given a prophylactic dip in KMnO., solution 
(1:3000) and stocked in indoor circular aqua-blue-colored plastic (Plastic 
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TABLE 1 Composition of Experimental Diets 
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Dietaiy pi'otein le\-els (% 
Ingredients g 100 g^' 
Casein' 
Gelatin-
Dextrin 
("orn oil 
Cocl liver oil 
Mineral mix 
Vitamin mix* 
Alpha-ccllulosc 
Carboxymethylcelluh>se 
Toial 
Analyzed crude 
Gross energy (g 
protein 
kr") 
of the diet) 
20% 
(Dl) 
20 
5 
58,53 
5 
2 
•1 
3 
-
2.47 
100 
20.22 
17,62 
25% 
(1)2) 
25 
6.25 
49.74 
5 
2 
4 
3 
-
5 
99.99 
24,87 
17,62 
30'Vo 
(D3) 
30 
7.50 
40.96 
5 
:> 
4 
3 
2.53 
s 
99.99 
29.95 
17.62 
359o 
(1)4) 
35 
8.75 
32.18 
5 
1 
A 
3 
5.07 
5 
100 
34.99 
17.62 
40^0 
(D5) 
40 
10.0 
23.39 
5 
2 
4 
3 
7.60 
") 
9999 
40.56 
17.62 
45% 
(D6) 
45 
11.25 
14.61 
5 
2 
4 
3 
10.14 
5 
100 
44.98 
17.62 
500f) 
(D7) 
50 
12.5 
5,83 
5 
2 
4 
3 
12,67 
5 
100 
50 
17.62 
'Crutle proiein i~b%). T.oba Cheniie, lncli;i. 
-Crude proiein O^^ "!)). l.oixi (Cheniie. Indir, 
'1 g 100 g-'; 1 g Vitamin + 2 g u-cellulo.sc (1:2); cliolinc chloride. 0.500: inositol, 0.200: a.scorbic 
acid. 0,1(10. niacin. 0,075; calciiiiri pamollienale. 0.05: ribotlavin, 0.02; menadione, (tOO'i: pyridoxine 
hydrochloride, 0,005: ihiamin liydrocliloride. 0.005; folic .icid, 0.0015: bioim. 0.0005; le -locopheryl 
i^ j aceuue. 0.04: viiamin Bu, 0.00001 (Haiver, 2002). 
Halvei (2002). 
(Calculated on the basis of fuel values 23.08. 20.199. 16,02. and .57.()4 kj g~' for casein, gelatin. de.xrOn, 
and fat. respeclively. as eslimaled on (Tallenkanip ballisiic b<,)inb caiorimeler. 
Crafts Corp, Miimbai. India) fisli Uink,s (1,22 in x 0.91 m x 0.91 ni; water 
volume = (lOO L) for a forlniglil and reared lo fingerling .stage. During tliis 
period, the fish were fed to apparent satiation a ea,sein/gelatin ba.sed (40% 
CP) H-4'iO diet (Haiver 2002) twice a day at 09:00 and 16:30 h in the form 
of moist cake for about a week. 
After tliis accliinati(;n j^eriod, fingerling C. ganepinus (5-22 ± 0.07cm; 
8,22g ± 0.03) were stocked randomly at the rate of 20 fish per trough in 
triplicate groups for each dietary treatment in 70-L circular PVC troughs 
(water volume = 55 L) fitted with a continuous water flow-through system. 
The fish were fed experimental diets in tlie form of moist cake divided over 
two feedings at 09:00 and 16:30 h to ap]3arent satiation. No feed was offered 
to tlic fish on the day they were weighed. The feeding trials lasted for eight 
weeks. Initial and weekly body weights were recorded on a top-loading 
balance ()Precisa r20A; AG. Oerlikon, Zurich, Switzerland). Fecal matter was 
siphoned before feeding. Uneaten feed, if any, was collected immediately 
after active feeding, dried in a hot air oven, and reweighcd to measure the 
actual amount of dry feed consumed for accuracy in FCR calculation. 
Water ciuality parameters were recorded daily at feeding time (American 
Public Health Association 1992). The average water temperature was 
27.5-28°C, dissolved oxTgen 6.7-7,1 mg 1"', free carbon dioxide 5.5-10.7 mg 
1"', pH 7.5-7,8. and total alkalinity 657-80.5 mg/1. 
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Proximate composition of casein, gelatin, experimental diets, and initial 
and final whole body composition was analyzed using standard methods 
(Association of Official Analytical Chemists 1995) for dr\' matter (oven dry-
ing at 105 ± '1°C for 22 h), crude protein (Kjeltec Tecator Technology, Foss 
Hocganaes 2300, Sweden), crade fat (solvent extraction with petroleum 
ether B.P. 40-60''C using Sees Plus, SCS 4, Pelican equipments, Chennai, 
India, for 2-3 h), and ash (oven incineration at GDCC for 4-6 h). Gross 
energy content of the experimental diets was determined by igniting 
the samples on a Gallenkamp ballistic bomb calorimeter-(;BB 330 OlOL 
(Gallenkamp, Loughbrough. UK). Seven subsamples of a pooled sample 
of 40 fishes were analyzed for initial body composition. At the end of the 
experiment, all fishes from each replicate of dietaiy treatments were pooled 
separately for the analysis of final body composition. 
Growth performance of the fish fed diets v\ith different protein levels 
was measured as a function of the weight gain by calculating the following 
statistics: 
Live weight gain (LWG '-'6) = (.Avg, final body weight — Avg. initial body 
weight/initial body weight) x 100 
FCR = dr\'' feed fed (g)/wet weight gain (g.) 
PEH = wet weight gain (g)/protein fed (g) 
Nutrient retention efficiencies were calculated by the formulas: 
Protein retention efficiency (PRE%) = (protein gain/protein fed) x 100 
I Energy retention efficiency (ERE%) = (energy gain/energy fed) x 100 
Sun'ival rate (SK'-'/o) = (final number of fisli collected/initial number offish 
stocked) X 100 
All growth data were subjected to analysis of variance (Snedecor & 
Cochran 19()8; Sokal & Rohlf 1981). Differences among treatment means 
were determined by Duncan's multiple range test at a P < 0.05 level of 
significance (Duncan 1955). 0[)timum dietary protein level was determined 
via second-degree polynomial regression analysis (Shearer 2000) using the 
equation Y = aX- + bX + c. Origin (version 6.1; Origin Software, San Clemente, 
CA) and Matlab (version 7.1'> were used for all the statistical analyses. 
RESULTS 
Level of dietary pr(.)tein had significant influence (P < 0.05) on live weight 
gain (LWG %), feed conversion ratio (FCR). protein efficiency ratio (PRR), 
protein retention efficiency (PRE"/')), energy retention efficiency (ERR^ Ki), and 
percentage of sun'ival of fingerling African catfish (Table 2). Significantly 
high mortaliD).' (P < 0.05) was recorded for the groups fed the diet containing 
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the lowest levels of protein (20'M)-25%). These fish had bite marks on the 
bodies due to cannibalism, probably to compensate for the requii-ed amount 
of protein. Live weight gain percent (L\VG%), FCR. PRE, and F,RE% of fish 
improved (P < 0,05.") as the dietary protein level increased from 20% to 35% 
of the diet, whei'eas at 40%) growth responses wei-e almo.st constant and then 
diminished sharply (P > 0.05) in fish fed dielar>' protein at 45%J and 50^ Mi. This 
indicates that the 35%i protein diet satisfied the requirement and'could be 
considered optimum for achieving best growth performance from fingeding 
C gariepinus, Maximum LWG% (867%) and best FCR (1.39), PER (2,01), 
highest PRE (32%), and ERE (69%) values were obtained for the fish fed 
the diet with 35'Hi protein. Poorest LWG (100%) and FCR (4.15) and lowest 
PER (l.rj,), PRE {9.2'l%), and ERE (35%)) were obsei-^'ed for fish fed the diet 
containing 20% protein. Second-degree polynomial fit of LNX'(T% data (X) to 
dietaiy protein levels (Y) yielded maximum LWG% at 39% protein of the diet 
(Figure 1). The relationship was described by following the second-degree 
polynomial ecjuation: 
Y = -2.1''62X' -E n0.5619X - 2508,93 (R' = 0.958:i 
On regressing FCR data (Y) against dietary protein levels (X). best FCR 
was achieved at 39,6% dietary protein (Figure 2), and the relationship was 
descril)ed by the following second-degree |x:)lynomial regression equation: 
Y = 0,0071 TX-^  - 0,568X + 12,67643 (R^ = 0,979) 
3 
M i 
1000 
900-1 
800 
^ 700-O 
3, 600 
S> 500 H 
-Q 400^ 
5 
> 300 H 
2 0 0 -
100-
0 
V =-2,1762X=+170,5619X-2508.93 (R* = 0,958) 
.^ <»86f 
! X,„, =39,2% 
/ ^,; 
i i r j i i i i T f m ' i ' ( j i i r T i | i T i T T - | n i T i | i T T T T p i i i i | M i i i | i i i i i | i i n i j i i r i i | i i i i r | i i i M | i i i i i | i [ i i i j i iri i| i i i ir| i i iM|ii i i i | i i in|ii iPTtiini|i i> 
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 
Dietary protein levels (% of the diet) 
FIGURE 1 S(;;C()nd-degree polyrKiniia! irlation,sliip of LWG% to dietary pi'Otein level,s. 
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FIGURE 2 Second-degree polynomial relation.shi]-) oi" FCR-PER to dietary protein levels. 
PER data (Y), when subjected to dietar\^ protein levels (X). yielded highest 
PER at a dietaiy pi'otein level of 34.4% (Eigiire 2) and was described by the 
following second-degree polvnomial regression equation; 
Y = 0.00;365X-' - 0,25145X+ 2.54286 (R" = 0.863) 
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The second-degree polynomial regression analysis of PRE% data (Y) to 
dietary protein levels (X) yielded highest PRE at 38.5% protein in tlic diet 
Figure 3. The second-degree polynomial emulation is described as follows. 
Y = -0.064X' 4- •4.93233X - 64.2 (R- = 0.983:.) 
Similarly, the second-degree polynomial regression analysis of ERE% data 
(Y) to dietary protein levels (X) yielded highest ERE% at 38.5% protein in 
the diet Figure 4. The second-degree polynomial equation pertaining to this 
has been described as follows. 
Y = -0,09625X' + 7,3905X - 75.7743 (R' = 0.984) 
On the basis of the above, maximum LWG%, best FCR, highest PER, PRE%j, 
and ER]i% were obtained at 39.0%, 39.6%). 34.4%, 38.5%, and 38.4% protein 
in the diet, respectively. 
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Body composition of fingerling C. gariepinus was significantly 
(P < 0.05) affected by dietary protein levels (Table 3.). N4aximum body 
protein was recorded in fish fed the diet containing 35'%-40% protein, but 
declined significantly in fish fed the diet with 45% and 50% protein. }3ody 
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TABLE 3 Bod\' Composition of Clarias Gariepinits^ 
Dieis 
Initial 
D] 
D2 
03 
1)4 
D5 
1)6 
07 
Moi.snire% 
80.22 ±0.21 
"^ 2.21 ±0.lV 
"2,88 ±0.12' 
^3.47 ±0.15" 
75.01 ± ().05'' 
75.94 ±0.31'' 
76.89 ±0.12^' 
77.25 ±0.11'' 
Pi-oi:ein% 
11.29 ±0.22 
12.99 ±0.33' 
13.66 ±0.17-
16.51 ±0.15'' 
17.91 ± 0.14 '^ 
P.-t3±0.21' 
15.13±0.15'' 
14.84 ±0.12'' 
Fat% 
3.=i4±0.02 
6.87 ±0.12^' 
6,13 ±0,15" 
5.93±0.02'' 
5,16 ±0,13'' 
4.93 ±0,15"= 
4.13 ±0.1.3' 
3.87±0.21P 
A.sh% 
3.63 ± 0.05 
3.23 ±0.04" 
3.27 ±0.15" 
3.25 ±0.05'' 
3.29 ±0.04" 
3.31 ± 0,03'' 
3..30±0.04=' 
3.31 ±0.01" 
Mean v;iluc-i of three replicale.^  ± .sF.M, 
Mean vainer sliai'int; the same .^ uper^ enpl.s in a column arc in.'^ iiiniiieanlly dilTeix-;m (I' > O.OS). 
<>j fat content showed a significant decline (F < 0.05) with increase in dietaty 
protein levels. However, the moisUire content showed an inverse trend in 
^ response to increasing levels of dietary protein. Ash content differed signif-
° icantly for the groups fed 20%. 25%, and ,30%) protein, beyond which no 
£ significant change in bod\' ash content vvas appai-ent. 
DISCUSSION 
The optimum protein level m diets fur fingerling C. gariepinus defined 
I by LWG%, FCR. PER, PRH%i, and HRE% data was fx)und to range between 
^ 3'i.4"/'^39.6%. The optimum protein requirement obtained during the present 
J study is higher rlian the requirement reported for related species such 
S as Clarias halrachus (30%; Chau])oehuk 1987). and Heleropneiisies fossilis 
^ (;27,7%^35,4%; Akand, Miah, & Haque 1989). bLit is on the lower side of the 
S) VAngii (40 to 55%o) repon.ed lor v^'arm water frsh species in general (National 
< Research Council 1983). 
Variations in the calculatitm of the opt imum dietary protein level may 
be attributed in part to differences among e.xperimental conditions including 
l)asal diet cc;mposilion, fisli genetics, water quality, water flow rate, reference 
protein used, energy density of the diet, digestibility, fi.sh size, temperature, 
amount of feed allocated, and also differences in the response criteria and 
the models adopted to determine the opt imum dietary level for a particular 
nutrient (Tacon & Cowey 1985; Chiu, Austic, & Rumsey 1988; Akiyama, 
Oohara, & Yamamoto 1997; Luzzana, Hardy, & Halver 1998; Simmons et al. 
1999: De Silva. Gunasekera. & Gooley 2000: Shearer 2000; Luo et al. 2004). 
in our study, the non-lincai second-degree polynomial regression describes 
the response to dietary protein as a limiting nutrient (Roclehutscord et al. 
1995; .Fuller & Garthwaite 1993: Shearer 2000; At^idi & Khan 2010a,b) and 
may be useful for other similar work elsevvhei-e. 
Growth depression and decrease in IT^E at higher levels of dietary pro-
tein intake may be due to less available energy in the form of carbohydrates 
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for deamination, i.e., removal of exce.ss nitrogenous waste products from the 
body of the fish (Table 1). Feed intake increased significantly with increasing 
dietar}' protein levels vip to 35% CP, and thereafter decreased for the groups 
fed diets with 40%. 45%, and 50%i protein. Similar responses have also been 
repoited for Cebidicbthys violaceus (Hoi-n et al. 1995), rohu, Labeo rohita 
(Satpathy, Mukherjee, & Ray 200.3), and Pwitiusgoniouotus (Mohanta et al. 
2008), where feed consumption was lower when fish were fed a high protein 
diet compared to those fed lower protein diets. 
Body protein content tended to mcrease significantly in fish fed dietaiy 
protein up to 35'^ '^ i-409'(i. followed by a significant decline in fish fed 45% 
and 50°o protein in the diet, Fingeriings fed with the lowest level of dietary 
protern exhibited the highe.st l:iody fat content. Tliis may be attributed to the 
relatix'ely high level of carbohydrate in the form of dextrin compared to the 
protein level in this diet, which caused the organisms to store energy from 
the carbohydrates and transform them into lipids (Tacon 1989; De Silva & 
.A.nderson 1995). 
hicreasmg dietary protein above (35'MO produced an inferior PER, which 
~ was similar to results obtained for turbot. Scophthalamus maximus (Bromley 
5 1980), carp (Pongmaneerat & ^X^ltanabe 1991), haddock, Melanogravunus 
^ aegelfmus (Kim & Fall 2001), red-tailed tinfoil (Elangovan & Shim 1997), 
-^ Asian catfish, Mystus nenninis (Ng, Soon, & Hashim 2001), Spinibarhus hol-
•g landi (Yang et al. 2003), and olive founder. Paralichthys oliuaceus (Kim et al. 
.> 2004). This is prol)ably because more dietary protein is used as an energy 
O source when high protein diets are fed to the fish (Hidalgo & Alliot 1988; 
.£ Kim, Kayes. & Amundson 1991). 
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Abstract A 12-weck feeding trial was conducted to evaluate the effects of varying levels 
of dietary arginine on growth, feed conversion, protein productive value and carcass 
composition of fingerling Heteropneustes fossilis (10.11 ± 0.14 cm; 5.87 ± 0.07 g). 
Casein and gelatin-based isonitrogenous (38% crude protein) and isocaloric (14.72 kJ g~' 
digestible energy) amino acid test diets with varying levels of L-arginine (l.GO. 1.25, 1.50, 
1.75,2.00 and 2.25 g 100 g~' of dry diet) were fed to randomly assigned triplicate groups of 
fish to apparent satiation twice daily at two feeding schedules (08.00 and 17.30 h). Thermal 
growth coefficient (TGC; 0.86). feed conversion ratio (FCR; 1.97) and protein productive 
value (PPV; 0.25) were best attained by the group fed diet containing 1.75 g arginine 
100 g~' of dry diet (D4). Carcass protein content also peaked at the above level of dietary 
arginine whereas carcass lipid showed consistent drop with the increase in dietary arginine 
level up to 1.75 g 100 g^' of dry diet. Second-degree polynomial regression analysis at 
95% maximum and minimum response of thermal growth coefficient, feed conversion, 
protein productive value, carcass protein and lipid productive value against varying levels of 
dietary arginine yielded that dietar>' arginine in the range of 1.51-1.66 g 100 g~' of dry 
diet, corresponding to 3.97^.37 g 100 g~' protein is adequate to optimize growth, feed 
conversion, protein productive value and improve carcass quality in fingerling H. fossilis. 
Keywords Arginine • Growth Carcass composition Fingerling • H. fossilis 
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Introduction 
Dietary protein is the major and most expensive component of formulated aquafeeds 
(Wilson 2002), affecting growth performance, feed costs and nitrogen pollution (Small and 
Soares 1998; Gaylord and Barrows 2009). Amino acids are the building blocks of protein 
and play important and versatile roles in fish nutrition and metabolism. The ten essential 
amino acids are responsible for a vast array of metabolic, physiological and therapeutic 
effects in fish body. Feed intake, weight gain, feed conversion ratios and other more subtle 
biological responses may not be optimized when fish are fed inappropriate level of dietary 
essential amino acids (Hart et al. 2010). Additionally, feeding excess concentrations of 
essential amino acids results in increased ammonia excretion and degrades water quality 
(Yang et al. 2002). Since these essential amino acids must be obtained from the diet, an 
overabundance or deficiency of any of the essenfial amino acid may have severe patho-
logical consequences. Lack of quantified requirements of individual amino acid for the 
species poses challenges for emerging aquaculture aquafeeds. Among these essential 
amino acids, L-arginine is a nutritionally important amino acid and plays multiple physi-
ological functions in animals (Jobgen et al. 2006; Mateo et al. 2007). One of these 
functions is to improve carcass quality as this ammo acid increases the anti-oxidative 
capacity, reduce super-oxide release and ameliorate lipid peroxidation (Galli 2007; 
Petrovic et al. 2008). It is metabolized to nitric oxide, proline, glutamine and polyamines, 
which have high biological importance (Liao et al. 2008). Experimental evidences support 
that arginine plays a central role in regulating the partitioning of dietary energy in favour of 
muscle protein accretion and reduces fat m aquatic as well as terrestrial animals (Fu et al. 
200.5; Wu et al. 2007; Wu et al. 200Sj. Fish have particularly high requirements for dietary 
arginine due to its abundance in protein and tissue fluids and its limited or completely 
absent de novo synthesis in fish (Li et al. 2009). Furthermore, arginine affects the release of 
growth hormones and induces immune resistance (Lull et al. 1994), 
Knowledge of dietary arginine inclusion for the cultivable species is also of paramount 
importance in order to formulate arginine-balanced quality feeds. Since most of the plant 
protein sources are usually deficient in one or more essential amino acids, essential amino 
acid imbalances may occur when these ingredients are used in diet formulation (Clarke and 
Wiseman 2000; Hardy and Barrows 2002). The efficient use of such arginine-limiting protein 
sources in fish feeds will depend on an accurate estimation of dietary arginine level required 
by the fish. Therefore, data on this issue are particularly important for the correct inclusion of 
alternative protein sources to fishmeal. Also, this information may also be used in ingredient 
replacement strategy to reduce the actual dependency on fishmeal for aquacultural feeds. 
Catfishes have high nutritive value. Among them Heteropneustes fossilis, the fish under 
study, commonly known as singhi, is an irnportant carnivorous catfish species and can be 
easily cultured in adverse environmental conditions. Due to its air-breathing organ and 
^Sp . ringer 
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high tolerance in oxygen-depleted water, it is abundantly found in sewage and narrow 
ponds. Its induced spawning and fry production is easy (Ramaswami and Sundararaj 1956; 
Thakur et al. 1974). It has appreciably high protein and iron content (Bhatt 1968). Despite 
these, its nutritional information has received very little attention, Information on complete 
10 essential amino acid requirements has been established for most of the cultivable finfish 
species (Halver 2002; NRC 2011). Dietary arginine and lysine requirement for fry stage of 
this fish have been established (Khan and Abidi 20IIa, b). Excepting the information on 
lysine requirement for fingerling H. fossilis (Farhat and Khan 2011), no information is 
available on any of the essential amino acid requirement of fingerling H. fossilis. The fish 
fed the practical feeds that are routinely formulated on the basis of crude protein. Even 
though the fish requires amino acids as per its needs and not crude protein per se, its diet is 
generally formulated on the basis of the essential amino acid requirements of other 
warmwater fish species. The present study was, therefore, conducted to generate data on 
level of dietary arginine required to optimize growth, feed conversion, protein productive 
value and carcass composition in fingerling H. fossilis. 
Materials and methods 
Preparation of experimental diets 
Casein-gelatin-based isonitrogenous (38% CP) and isocaloric (14.72 kJg~' DE) amino 
acid test diets with six levels of dietary arginine (1.00. 1.25, 1.50, 1.75, 2.00, 2.25 g 
100 g"' of dry diet) were prepared. Diets were designated as Dl, D2, D3, D4, D5 and D6. 
Amino acid analysis of diets revealed the arginine content to be 1.11, 1.27. 1.49,1.76, 2.04 
and 2.27 g 100 g~' of dry diet (Table I). Amino acid profile of basal diet (Dl) is given in 
Table 2. Dietary arginme levels were fixed on the basis of information available on other 
warmwater catfish species (Buentello and Gatlin 2000; Fagbenro et al. 1999). Casein and 
gelatin were used as intact sources of protein. L-crystalline amino acids were supplemented 
to mimic the amino acid pattern of 38% whole chicken egg protein, excluding the test 
amino acid arginine. Experimental diets contained 38% CP which was slightly lower than 
the optimum protein requirement (40% CP) reported by Siddiqui and Khan (2009). This 
reduction was made to ensure more efficient utilization of the limiting amino acids (Wilson 
1989; Zhou et al. 2010). Lysme was added to the diets as per the requirement determined 
for fingerling H. fossilis in this laboratory by Farhat and Khan (2011). Diets were made 
isonitrogenous and isoenergetic by adjusting nonessential amino acid glycine and the 
dextrin. The amino acid test diets were prepared as per Abidi and Khan (2007). Since 
digestible energy of the ingredients used in diets for H. fossilis is not available, it was 
calculated using the conversion factors 18.8, 12.5 and 35.5 kJ g ' ' for protein, dextrin and 
lipid, respectively (Jauncey 1982). The final diet with bread dough consistency was poured 
into a Teflon-coated pan, cut in the form of small cubes and stored at —20°C till further 
use. In order to avoid nutrient leaching, all the diets were coated with casein and gelatin 
and then bound with substantial amount of carboxymethylcellulose. 
Water stability of the diet 
Water stability of the amino acid test diets was assessed in the experimental tanks (70 1, water 
volume 55 I) using deionized water at 27°C. Representative samples of each amino acid test 
diet (4 g) were taken in quadruplicate in an empty tea bag made from oxygen-bleached filter 
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Table 1 Composition of 
Ingredients 
(g lOOg"'. dry diet) 
Casein 
Gelatin 
Amino acid mix* 
Dextrin 
Corn oil 
Cod liver oil 
Mineral mix*"" 
Vitamin mix*"' 
a-cellulose 
Carboxymethyl cellulose 
Total 
Total arginme 
(g 100 g"' dry diet) 
Crude protein 
Proximate analyses (%) 
Analysed arginine 
Analysed crude protein 
Digestible energy 
(kJ g^'. dry diet) 
experimental 
Diets 
1.0 (Dl) 
15 
5 
24.06 
31.47 
5 
2 
4 
3 
0.47 
10 
100 
1.0 
38 
1.11 
38.11 
14.72 
diets 
1.25 (D2) 
15 
5 
24.25 
31.17 
5 
2 
4 
3 
0.58 
10 
100 
1.25 
38 
1.27 
38.33 
14.72 
1.50 (D3) 
15 
5 
23.65 
32.08 
5 
2 
4 
3 
0.26 
10 
100 
1.50 
38 
1.49 
37.89 
14.72 
1.75 (D4) 
15 
5 
23.89 
31.72 
5 
2 
4 
3 
0.39 
10 
100 
1.75 
38 
i.76 
38.12 
14.72 
2.0 (D5) 
15 
5 
23.29 
32.63 
5 
2 
4 
3 
0.08 
10 
100 
2.0 
38 
2.04 
38.21 
14.72 
2.25 (D6) 
15 
5 
24.26 
31.16 
5 
2 
4 
3 
0.58 
10 
100 
2.25 
38 
2.27 
37.98 
14.72 
Crude protein (76 g 100 g ') 
* Crude protein (96 g 100 g"') 
* Amino acid mixture (g 100 g~') arginme variable: histidinc 0.37; isoleucine 2.15: leucine 1.89; lysine 
0.93; methionine 1.03: cystine 0.85; phenylalanine 1.55; tyrosine 0.94, threonine 1.02: tryptophan 0.45: 
valine 1.67; alanine 1.23; aspartic acid 0.08; glutamic acid 0.00; serine 0.00; proline 0.95; glycine variable 
* Halver (2002) 
*" Mineral mixture (g 100 g ' ' ) calcium biphasphate 13.57; calcium lactate 32.69; ferric citrate 2.97; 
magnesium sulphate 13.20; potassium phosphate (dibasic) 23.98; sodium biphosphate 8.72; sodium chloride 
4.35; aluminium chloride. 6H2O 0.0154; potassium iodide 0.015; cuprous chloride 0.010; magnus sulphate. 
H2O 0.080; cobalt chloride. 6H2O 0.10; zmc sulphate. 7H2O 0.40 
* Vitamin mixture (1 g vitamin mix +2 g a-ce\lulose) choline chloride 0.50; inositol 0.20; ascorbic acid 
0.10; niacin 0.075; calcium pantothenate 0.05; riboflavin 0.02; menadione 0.004; pyridoxine hydrochloride 
0.005; thiamin hydrochloride 0.005; folic acid 0.0015; biotin 0.0005; alpha-tocopheryl acetate 0.04; vitamin 
B12 0.00001; Loba Cheniie, India; Digestible energy was calculated on the basis of physiological energy 
values 18.8, 12.5 and 35.5 kJg~' for protein, dextrin and lipid, respectively (Jauncey 1982) 
paper and suspended randomly in tanks. The samples were exposed for 40 min in water (55 1). 
After exposure, tea bags containing the diets were removed and allowed to drain for 1 min, 
oven-dried at 105°C for 2 h, cooled in a desiccator and reweighed. Water stability was 
calculated as the percentage difference in sample weight after re-weighing. The amino acid 
test diets prepared were found to be 97% water stable. 
Experimental design and feeding trial 
Induced bred H. fossilis fingerlings were obtained from the departmental fish hatchery 
(Fish Breeding and Rearing Facility, Department of Zoology, Aligarh Muslim University, 
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Table 2 Amino acid profile of . . . . ,., . . , • j • • e ^ 
, , . . . ,r^,. Amino acid profile Analysed amino acid composition or the 
the basal diet (DI '^  , . . . . , „ , w mn ~t j j - .\ 
basa die (Dl) (g 100 g , dry diet) 
EAAs 
Arginine 1.11 
Histidine 0.81 
Isoleucine 3.07 
Leucine 3.45 
Lysine* 2.36 
Methionine 1.54 
Phenylalanine 2.38 
Threonine 1.61 
Tryptophan 0.55 
Valine 2.75 
NEAAs 
Cystine 0.89 
Tyrosine 1.74 
Alanine 2.17 
Aspartic acid i .35 
Glutamic acid 2.66 
Glycine 10.21 
Proline 3.15 
' Lysine was fixed as per Farhat Serine 0 63 
and Khan (2011) 
Aligarh, India). These were transferred to the wet laboratory, given a prophylactic dip in 
KMn04 solution (1:3,000) and stocked in indoor circular aqua-blue coloured, plastic lined 
(Plastic Crafts Corp, Mumbai, India) fish tanks (1.22 m x 0.91 m x 0.91 m; water volume 
600 1) for about a week. During this period, the fish were fed to satiation on a casein-gelatin-
based (38% CP) H-440 diet (Halver 2002). 
Heteropneustes fossilis fingerling (10.11 ± 0.14 cm mean body length; 5.87 ± 0.07 g 
mean body weight) were taken from the above-acclimated fish lot and stocked at the rate of 
20 fish per tank for each dietary treatment level in triplicate groups (n = 3 x 20) in 70 1 
circular polyvinyl tanks (water volume 55 1) fitted with a continuous water flow-through 
system (1-1.5 1 min"" ). Fish were fed test diets in the form of semi-moist cakes to apparent 
satiation twice daily at 08:00 and 17:30 h. Initial and weekly weights were recorded on a 
top-loading balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, Zurich, Switzerland). 
Fish were deprived of feed on the day of weekly measurements. The feeding trial lasted for 
12 weeks (72 feeding days). Faecal matter was siphoned off before every feeding. The 
unconsumed feed was collected soon after active feeding, dried and reweighed to measure 
the actual amount of dry feed consumed for accuracy in FCR calculation. 
Water quality parameters 
Water quality parameters were recorded daily during the feeding trial (APHA 1992). The 
average water temperature, dissolved oxygen, free carbon dioxide, pH and total alkalinity 
based on daily measurements were 27-28°C, 6.6-7.3 mg P ' . 5.2-10.4 mg P ' , 7.4-7.7 and 
64.7-80.9 mg 1"', respectively. 
^ Springer 
Aquacultint (2012) 20:935-950 941 
Statistical analyses 
All response parameters observed or calculated were subjected to analysis of variance 
(Snedecor and Cochran 1968; Sokal and Rohlf 1981). Differences among treatment means 
were determined by Tukey's multiple range test at a F < 0.05 level of significance (Tukey 
1953). Results were expressed as ±SEM. In order to achieve the accuracy in determining 
the optimum dietary arginine level, a nonlinear approach as second-degree polynomial 
regression analysis (Shearer 2000) at 95% maximum and minimum response has been 
utilized in the present study. The equation employed was Y = aX^ + bX + c. Statistical 
analysis was done using Origin (version 6.1; Origin Software, San Clemente, CA) and 
MATLAB (version 7,1; MATLAB Software, Natick, MA). 
Results 
Weight gain, thermal growth coefficient (TGC), feed intake (FI), feed conversion (FCR), 
protein productive value (PPV) and per cent survival of the fingerling over 72 days feeding 
in response to varj'ing levels of dietary arginine are given in Table 3. All diets were well 
accepted by the fish and, excepting the groups fed diet Dl and D2, no significant differ-
ences in feed intake were found during the length of the feeding trial. Second-degree 
polynomial regression analysis was performed for TGC, FCR and PPV data. Second-
degree polynomial regression analysis of TGC (¥95% a^x) against dietary arginine (X), 
predicted maximum TGC to be at 1.58 g arginine 100 g~' of dry diet (Fig. I) and for FCR, 
lowest value of FCR9.<i% min ^^s found to be at 1.64 g arginine 100 g"' of dry diet (Fig. 2). 
Similarly, when PPV (Y959J, ^^J was regressed against dietary arginine (X), maximum 
PPV was obtained at the dietary arginine of 1.66 g 100 g~' of dry diet. The graph per-
taining to this has been depicted in (Fig, 3). The polynomial equations used to establish 
these relationships have been given in the respective figures. 
Carcass composition 
Data pertaining to carcass composition of the fingerling have been summarized in Table 4. 
Carcass protein content showed a consistent improvement with the increase in dietary 
arginine levels from 1.11 to 1.76 g 100 g~' of dry diet. Thereafter, carcass protein 
remained almost unchanged for the group receiving dietary arginine at 2,04 g 100 g~' of 
dry diet (D5). However, it declined slightly with sfill higher arginine in fish fed diet D6. 
Carcass lipid showed a significant decline with the increasing level of dietary arginine up 
to 1,76 g 100 g~' of dry diet (D4) beyond which it tended to remain almost same in fish 
fed diets D5 and D6. Moisture showed a positive correlation with the increase of dietary 
arginine at all levels. Body ash content declined significantly (P < 0.05) with the increased 
inclusion of arginine in the diets. 
In order to get the information on effects of arginine from carcass quality, data related to 
carcass protein and lipid productive values were also subjected to second-degree polynomial 
regression analysis. The polynomial regression analysis of carcass protein (¥95% ^ax) against 
varying levels of dietary arginine (X) projected maximum carcass protein at 1,51 g arginine 
100 g^' of dry diet. Similarly, data pertaining to lipid productive value (¥950/^  ,„;,x) were 
regressed against varying levels of dietary arginine. and the maximum LPV g fish^' was 
observed at 1,5! g arginine 100 g^' of dry diet, 
^ Springer 
942 Aquacult Int (2012) 20:935-950 
•o 
o 
a 
o 
5 
6 
a 
6 
4^  
O N 
OO 
w~-
-+ 
^ 
+1 
i n 
o 
c 
-H 
in 
l ^ 
C7> 
O 
-H 
o 
OO 
o 
,J 
r ^ 
d 
+1 
Wl 
I N 
w-i 
o 
o 
-H 
iri 
O N 
r l 
d 
-H 
(N 
O 
^ l/N
d 
-t^  
o 
R 
—' 
r j 
—' o 
~H 
r-CO 
i n 
r~~ 
_J 
-H 
o 
^ m 
d 
-H 
\D 
^ 
r4 
oc 
i r i 
O 
O 
-H 
M-00 
o 
_ 1 
—' o 
+) 
—< o 
( N 
r-
-H 
• — r 
1~-
O N 
i n 
o 
o 
-H 
-^  C I 
u 
M-
O 
o 
+1 
^ n 
CJ 
rr-i 
—' O 
4^  
I/-. 
0 0 
l/"^ 
IT) 
r'-t 
— 
-H 
,^o 
"n 
o 
c 
-H 
r^  
o 
NO 
GO 
-'.<•) 
o 
o 
-H 
Nf! 
CO 
o 
':t 
—' O 
-H 
ON 
—' 
r 
C 1 
n 
+1 
m 
ON 
O N 
« r*'i 
O 
o 
-H 
i n 
rJ 
o 
-r^  
o 
O 
+1 
i / i 
CNI 
o 
R 
— • 
m 
^ 
O 
-» 
\!' 0 0 
l/N 
m 
-H 
^ on 
r^. 
— o 
+1 
tr-i 
i n 
i n 
l/N 
1 ^ 
O 
O 
-H 
r^ 
NO 
O 
_2 
o 
+1 
o-
t ^ i 
Nn 
o 
-H 
nr 
l/N 
NO 
UN 
y 
o 
o 
-H 
r - i 
-^  CJ 
n 
m 
o 
o 
-ti 
rN-T 
r i 
o 
— 1 
— 1 
o 
-H 
c^  CO 
i r i 
\n 
_; 
4^  
T—1 
r*-| 
I M 
d 
-H 
ND 
r i 
O N 
n 
r^i 
O 
o 
-H 
^ • * 
o 
o 
-H 
r^  
^ i n 
o 
+1 
— 1 
vt 
O N 
^ O 
o 
-H 
NJJ 
O 
o 
i n 
o 
c 
-H 
r-
— o 
PNl 
— o 
+1 
!^  0 0 
m i 
^ r^  
-H 
•* r j 
O N 
^ 
— 1 
O 
-H 
^ 
0 0 
t ^ 
^ o 
o 
-H 
ON 
r^  
o 
~~ o 
-H 
f ^ 
CNJ 
CN) 
r^  
r - i 
41 
r-
cyi 
ON 
.J 
ON 
o 
o 
41 
fjN 
"^ O 
^ l ~ 
o 
o 
4 
Nti 
fNl 
c; 
8 
—' 
5 ^ •>•: H-} 
5; o u *-
U H U. U-
> ^ 
a. 1:2; 
J 00 
o 
d 
A 
| . 2 . 
C3 
XI 
>, T3 
V > 
' I 
3 
0 
•n 
Si 
i 3 
s r 
s s 
J 
E^  
0 
S: 
•-J 
J 
H 
U 
0 
h. 
OJ 
U. 
Oi 
0 
t i . 
or, a. 
Q Springer 
Aquacult Int (2012) 20:935-950 943 
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1..^ 1.1 1.9 2.1 
Analysed dietary arginine levels (g 100g'^ of dry diet) 
Fig. 1 Second-degree polynomial relationship of analysed dietary arginine levels to themial growth 
coefficient (TGC) 
Fig. 2 Second-degree 
polynomial relationship of 
analysed dietary arginine levels 
to feed conversion ratio (FCR) 
1 
i 
> 
c 
0 
u 
^ V 
-i 
Y 
95% 
" X 
9S% 
Y = 4 . 7 2 X ' - 1 6 . 9 8 3 X + 1 7 . 0 4 ( R ' = 0 . 9 6 6 ) 
^ \ 
^ =1.84 N A Y 
=1 .64g100g ' X =1 .79g100g ' 
o.y I.I 1.3 1.5 1.7 i.y 2.1 
Analysed dietary arginine levels (g 100g' of dry diet) 
Somatic indices 
Liver-to-body weight ratio (HSI%) was significantly affected by varying levels of dietary 
arginine (Table 5). Fish receiving dietary arginine at marginal levels in diets Dl and D2 
led to a significant increase in HS1% in comparison to those fed adequate levels in diets D3 
and D4. However, excess of arginine in diets D5 and D6 fed to fish resulted in a significant 
reduction of HSI%. Similarly, condition factor (CF) was lowest (0.94) in fish fed diet Dl 
(1.11 g 100 g~' of dry diet), which improved significantly {P < 0.05) with the increase in 
dietary arginine up to 1.76 g 100 g~' of dry diet (D4), and no improvement at higher levels 
of dietary arginine (D5 and D6) was evident. VS1% remained almost unaltered (P < 0.05) 
among the treatments (Table 5). 
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0.30 Fig. 3 Second-degree 
polynomial relationship of 
analysed dietary arginine levels J" 
to protein productive value (PPV) g- "^ -^'' " 
Y=-0.20953X +0.7862X-0.5025 (R =0.971) 
X =1.8Sg100g 
0,8 1.0 1,2 1.4 1.6 1,8 2.0 2,2 
Analysed dietary arginine levels (g 100g of dry diet) 
Discussion 
Since arginine determines the efficiency of protein utilization and ultimately fish growth, 
favours protein accretion, reduces fat in aquatic as well as terrestrial animals and affects 
the carcass quality of the fish, it is necessary to determine its optimum dietary inclusion 
level for optimum growth for fingerling H. fossilis. In this study, the second-degree 
polynomial regression analysis was employed as a inethod to determine the optimum level 
of dietary arginine requirement of fingerling H. fossilis because it describes a curvilinear 
function with the response variables, reaching a discrete peak determined as 95% maxi-
mum from the derivative of the function and resulted in extremely high coefficients of 
determination (R )^ for the response variables. Therefore, it proved to be an appropriate 
description of thermal growth coefficient, feed conversion, protein productive value and 
carcass quality responses to varying levels of dietary arginine under the present conditions. 
Based on the above second-degree polynomial regression analysis of TGC, FCR, PPV, 
carcass protein and lipid productive data, the level of dietary arginine that maximized 
growth in//./ttv.s;fo ranged between 1.51 andl.66g 100 g'~'of dry diet, corresponding to 
3.97^,37 g 100 g~' protein. The arginine requirement obtained in this study is similar to 
the range reported for channel catfish, Icralurus puiiclaius, 4.3 and 3.3-3.8 (Robinson et al. 
1981 and Buentello and Gatlin 2000), African catfish Clarias gariepinus, 4.5 (Fagbenro 
et al. 1999), mozambique tilapia, Oreochromis mossamhicus, 4,0 (Jackson and Capper 
1982), Nile tilapia, Oreochromis niloticus. 4.2 (Santiago and Lovell 1988), Japanese 
flounder, Paralichthys olivaceus, 4.10 (Alam et al. 2002), hybrid striped bass, Morone 
chiysops X M. saxatilis, 4.4 (Griffin et al. 1994) and sea bass, Dicentrarchus labrax, 3.9 
(Tibaldi et al. 1994), and considerably lower than the requirement for chum salmon, 
Oncorhynchus keta, 6.5 (Akiyama and Arai 1993), chum salinon, 0. kisutch, 5.3 g arginine 
100 g~' dietary protein (Klein and Halver 1970). 
Depressed growth, poor feed conversion and protein productive value were commonly 
noted for the groups fed dietary arginine below the requirement level at 1.11, 1.27 and 
1.49 g 100 g~' of dry diet (Dl, D2 and D3). These parameters were found to be best at 
1.76 g arginine 100 g~' of dry diet. Growth parameters tended to remain almost unchanged 
in response to moderate surplus of dietary arginine at 2.04 g 100 g~' of dry diet (D5). 
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with the increase in dietary arginine up to 1.76 g 100 g~' of dry diet (D4). There is 
growing evidence that arginine regulates the metabolism of energy substrates (fatty acids, 
glucose and amino acids) partly through the production of nitric oxide (Jobgen et al. 2006), 
and therefore, its supplementation has been found to reduce fat mass in terrestrial animals 
(Fu et al. 200.5; Wu et al. 2008) and humans as well (Lucotti et al. 2006). As a signalling 
molecule, physiological levels of nitric oxide stimulate glucose uptake, as well as glucose 
and fatty-acid oxidation in skeletal muscle, heart, liver and adipose tissue, inhibit the 
synthesis of glucose, glycogen and lipid in target tissues, for example liver and adipose 
tissues, and enhance lipolysis in subcutaneous adipocytes (Jobgen et al. 2006; Montanez 
et al. 2007; Nikolic et al. 2007). Lipid productive value was found to increase with 
increased inclusion of dietary arginine upto 1.49 g 100~'g of dry diet (D3). Further 
increase in arginine at 1.76 g 100 g~' of dry diet (D4) did not led to any significant 
improvement in LPV g fish" , Significant decline in LPV g fish"' was noted in fish fed 
2.04 (D5) and 2.27 g arginine 100 g"' of dry diet (D6) indicating that lipid was probably 
being catabolized to serve as the energy fuel to get rid of the excess nitrogenous load from 
the body at these levels of dietary arginine inclusion. 
Arginine aids in liver detoxification and prevents the liver disorders such as hepatic 
cirrhosis and fatty liver degeneration (Balch et al. 1997; Braverman 1997). Since it is 
involved in the production of a variety of enzymes and hormones for this, the net effect of 
its deficiency on liver is manifested as its enlargement. In this study as well, fingerling 
//./o5,«7(i'fed sub-optimum levels of dietary arginine at 1.11 (Dl)and 1.27 g 100 g"' of 
dry diet (D2) exhibited highest value for HSI. However, VSI showed almost no change in 
response to varying levels of dietary arginine. Inclusion of dietary arginine at 1.49 (D3) 
and 1.76 g 100 g"' of dry diet (D4) resulted to a significant lower value for HSI indicating 
that fish was more comfortable with the dietary arginine at 1.76 g 100 g^' of dry diet, 
which is also evident by higher value of CF for the group fed dietary arginine at the above 
level. It is well known that liver size is directly related to hepatic glycogen level (Kim and 
Kaushik 1992). Highest HSI values obtained for the groups fed diets Dl and D2 may be 
due to the fact that deficiency of arginine might have impaired insulin and glucose pro-
duction, liver lipid metabolism (Balch et al. 1997). 
Based on the above results, we conclude that inclusion of dietary arginine in the range 
of 1.51-1.66 g 100 g"' of dry diet, corresponding to 3.97-^.37 g 100 g"' protein 
improved weight gain, protein productive value and the carcass quality while reducing 
body lipid mass in H. fossilis. The information generated in this study is of utmost sig-
nificance for the feed formulists to develop feed formulae that may increase the yield and 
improve the carcass quality. 
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Abstract 
To quantify dietary L-tryptophan requirement of 
lingerling Heteropneustes fossilis (6.66 ± 0.08 g), 
casein-gelatin-based tsoniLrogenous (SS'X) CP) and 
isoenergetic (14.72 kj g"' DEI purified diets with 
eight levels of L-tryptophan (0.12%, 0.16%, 0.20%, 
0.24%. 0.28%. 0.32%, 0.36%, 0.40% dry diet) were 
fed to triplicate groups offish twice daily to apparent 
satiation for 12 weeks. Incremental levels of dietary 
tryptophan from 0.12 to 0.28'Xi signllicantly 
(P < 0.05) improved absolute weight gain (AWG: 
14.3-65.9 g lLsh~ )^, feed conversion ratio (FCR; 5.9 
-1.5), proiein retention elliciency (PRE: 6.2-32.2%i), 
haemoglobin (Hb; 6,5 to J 1.9 g dL^'] and haemat-
ocrit (Hct; 23.5-33.8%). To determine the precise 
information on tryptophan requirement, data were 
subjected to broken-line and second-degree polyno-
mial regression analysis. Broken-line regression 
analysis reliecled highest R"^  values for AWG g fish~' 
(0.999), PRE% (0,993), Hb g dL"' (0,995) and Hct 
% (0,993) compared with K^  values obtained using 
.second-degree polynomial regression analysis of 
AWG g lish"'(0.949), PRE% (0,890), Hb g d i r ' 
(0.969) and Hcl% (0.943). indicating that data were 
better lit to broken-line regression analysis. Hence, 
based on broken-line regression analysis at 95'K) 
maximum response, tryptophan requirement of tin-
gerling H. fossilis is recommended between 0.24% 
and 0.27% dry diet (0.63-0.71 % protein). 
Keywords: Tryptophan, growth, fmgerling, 
Heteropneustes fossilis 
Introduction 
Tryptophan is one of the essential amino acids for 
iish and is required for a wide variety of metabolic 
activities. As it is found in lowest concentrations 
in most animals including llsh, it plays a rale-lim-
iting role in protein .synthesis (Richard, Dawes, 
Mathias, z^cheson & HiU-Kapturczak & Dougherty 
D. 2009). Hence, the dietary tryptophan require-
ment is low compared with other essential amino 
acids. Apart from being a structural component of 
all proteins, tryptophan is a precursor for synthesis 
of serotonin, melatonin and niacin. This amino 
acid is also known to be a stress suppressor in 
some species (.Seve 1999; I^epage, Tottmar & Win-
berg 2002; Lepage, Vilchez, Pottinger & Winberg 
2002; Le Floc'h & Seve 2007; Tejpal, Pal, Sahu, 
Kumar, Muthappa, Sagar & Rajan 2008) and has 
stress-releasing eCfect (Winberg, 0verli & Lepage 
2001: Lepage et al. 2002; Hseu, Lu, Su, Wang. 
Tsai & Hwang 2003). Tryptophan controls 
immune and inllamraatory responses (Melchior, 
Meziere, Seve & Le Floc'h 2005), and influences 
feed intake in Iish (Hseu et al. 2003), Feeding tryp-
tophan-supplemenled diet results in the inhibition 
of endogenously derived aggressive behaviour in 
Iish (Winberg et ul. 2001; Hseu et al. 2003). 
Sidransky, Murthy and Verney (1984) have 
reported that tryptophan has hormone-like proper-
ties in promoting protein synthesis in rat liver by 
altering the permeability of the nuclear envelope 
and facilitating translocation of mRNA from the 
nucleus to the cytoplasm. As protein synthesis is 
likely to have precedence over synthesis of other 
molecules, dietary deliciency of tryptophan may 
have important consequences in terms of carcass 
protein and performance, 
Heteropneustes fossilis. commonly known as 
Singhi is a highly preferred food Iish due to its 
high protein and iron content (Bhatt 1968; Anon 
1982). Singhi displays many characteristics that 
make it a promising species for aquaculture. 
o 2012 Blackwell Publishing Ltd 
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iTKiinly. due (o its survival /or longer lime in oxy-
gen-dcplcled waters (Salra & Ralha 199S: HanilTa 
& Sridhar 20021 compared with (he major carp 
species, which are highly seasilive. Other beneiits 
include low production eosi coupled with a high 
market value due to its superior quality flesh thai 
has high nutritional and llierapeulic value I'.AIok. 
Krishnan, Talvvar & Garg 1993: Alam. laiiaa. 
Hossain & Islam 2009). Furlherinore. H. Jossilis 
thrives well on artilicial diets al high temperature 
and has the ability to withstand shilts in salinity 
Ohingran .1991: Thakur 1991) and has high 
lecuiidity (Radhalulshnan & Suguinaran 201f)). 
Due to these favourable production-related charac-
terislics. /•/. Jossilis culture ha.s gained considerable 
atteiition during the pasi lew years in Indian 
subcontinent and Southeast Asian region. 
Earliec vvoi'k (.)n Ihe nutrition of this species cov-
ers mainly the information on feed acceplabilily, 
prolcin requiremenl. vitamin requirements, dielarv 
argininc and lysine requirements of fry II fnssilis. 
and the l':F, ratio (Niamat i,*l |al'ri 1984: Anwar (.<• 
lairi 1992: Firdaus ]99,'5: .Mohamed 2001: iVlo-
hamed i<- Ibrahim 2001: Siddiqui & Khan 2009: 
Khan e^^ : .Abidi 201 1 a.b. 2012). (}uanhlalive die-
larv amino ticid reqiiiremenis of all essential 
amino acids have been repoi'led for several culiiva-
ble linlish species (NIU" 2011). Although data on 
dietary lysine and arginine reqoii'emenis of linger-
liiig stage of this fish arc available (Farhal & Khan 
20]] . 2012). information on other essential 
amino acid requirements of lingerling H, ftKsiUs 
are hicking. In view of this, present study was con-
dueled lo estimale the requiremenl for dietary 
Iryploplian. 
Materials and methods 
Preparation of amino acid lest diets 
Ingredienls and pro,ximate composition of Ihe 
amino acids test diets are given in Table 1. Diets 
Willi eight I,-lryplophan levels (0.12. 0.16. 0.20. 
0.24. 0.28. 0.32. 0.3(i and ().40';'M of the dry diet) 
were prepared. Diets were designated as Tl. T2. 
T). T4, 1\5, T6. '17 and 'VH. Amino acid analysis 
of dicLs revealed the L-iryptophan content to be 
O.IO. 0.15. 0.19. 0.24. 0,28. 0.32. 0.35 and 
0.39';Y, of tlie dry diet (Table 1). Casein iirid gelatin 
were used as intaci protein sources: L-crystalline 
amino acids were supplemented lo mimic ihe 
amino acid pallern of 38% whole chicken egg 
protein, excluding Ihe les( amino acid tryplophan. 
Experimental diets contained 38% CP. which was 
slightly lower than the optimum protein require-
ment (40% CP) reported by Siddiqui and Khan 
(2009). This reduction was made lo ensure more 
ellicienl utilization of the limiting amino acids 
(Wilson 1989: Zhou. Shao, Xu, Ma & Xu 2010). 
Diets were made isonitrogenous (38%. CP) and 
isoenergetic (14.72 kj g ' DEl by adjusting non-
essential amino acid glycine, and the dextrin. All 
the amino acid test diets were prepared as per 
Abidi and Khan (2007). Diets were analy.sed using 
an automated Amino Acid Analyzer (Hitachi 
L-8800, Tokyo, japan). Data of this analysis have 
been provided in Table 2. As physiological fuel 
value for 11. fo.s.sili.s are not available, digestible 
energy content of the diets was calculated using 
the conversion factors 18.8. 12.5 and 35.5 kJ g"' 
for protein, dextrin and lipid respectively (launcey 
19S2|. The linal diel with bread dough consis-
lency was poured into a teflon-coaled pan. cut in 
the form of small cubes and stored at -20°C until 
fed to lish. As the diets were well coated wilh 
casein and gelatin and then bound with substan-
lial amouni of carboxymethylcellulose. Ihe diets 
vi'cre found to be 98':;. water stable and consumed 
quickly without anv loss. 
Experimental design and feeding trial 
Heteropneustes jossilis lingerlings were obtained by 
Induced spawning of broodlish held at the depart-
mental lish hal:chery (Fish lireeding and Rearing 
Facility, DeparlmenI of Zoology. Aligarh Muslim 
University. Aligarh. 202 002, U.P. IndiaJ. These 
were transferred lo ihe wel laboratory, given a 
prophylactic dip in K.Vln04 solution (l:3000j 
and stocked in indoor circular aqua-blue col-
oured, plastic-lined (Plastic Crafts Corp, Mumbai. 
India) fish iank.s (1.22 m x 0.91 m x 0.91 m: 
water volume 600 L) for 2 weeks. During this 
period, the lish were fed to apparent satiation 
on a casein geialin-based (38%, CP) H-440 diet 
(Halver 20021. 
H. /os,s'ii;s lingerlings Ih.bh ± 0.08 g mean 
body weight: 10.20 ± 0.12 cm mean body length) 
were taken from Ihe above-acclimated lish lol 
and rtindoraly slocked at the rale of 20 lish per 
70-L circiikir polyvinyl troughs (water volume 
55 L) lilted with a continuous wtiler llow-through 
(1-1.5 I, min"') system. Fach diel was fed in Iripli-
cate (n = 3 x H). Fish were hand-fed lo apparent 
B 2012 Bhidavcli I'liblishing Lid. .'l((i((ii:iil(iiri; Rrsaiirh, \-]2 
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Table 1 liigredieril (;()Jii|)(>sili(>ri of amino aeid test diets 
Ingredients 
(g 100 g ' , dry c 
Casein' 
Gelatin-t 
Amino acid mix'* 
Dextrin-white 
Corn oil 
Cod liver oil 
Mineral mix*" 
yitaaiin m i x ' " 
jiet) 
CarDoxymettiyl cellulose 
Total 
Tola! tryptoDtian 
Total glycine 
Crude protein 
Analysed composition 
Crude protein 
Tryptophan 
Glycine 
Digestible energy" 
Diets 
T1 (0.10) 
15 
5 
22,89 
33,17 
5 
2 
4 
3 
10 
100 
0,12 
6,35 
38 
37.99 
0,10 
7.89 
*{kJ g ' ' , dry diet) 14,72 
T2 (0.15) 
15 
5 
22,90 
33.15 
r 
2 
4 
3 
10 
100 
0,16 
6,32 
38 
37,96 
0,15 
7.86 
14,72 
13 (0.19) 
15 
5 
22,92 
33,13 
5 
2 
4 
3 
10 
too 
0,20 
6,29 
38 
38,00 
0,19 
7,83 
14,72 
T4 (0.24) 
15 
5 
22,92 
33,13 
5 
p 
4 
3 
10 
100 
0,24 
6,26 
38 
37,07 
0,24 
7,8 
14,72 
T5 (0.28) 
15 
5 
22,93 
33,11 
5 
2 
4 
3 
10 
100 
0,28 
6,23 
38 
38,00 
0.2S 
7.77 
14,72 
T6 (0.32) 
15 
5 
22.94 
33,09 
5 
2 
4 
3 
10 
100 
0,32 
6,20 
38 
37,98 
0,32 
7,75 
14,72 
T7 (0.35) 
15 
5 
22,95 
33,08 
5 
2 
4 
3 
10 
100 
0,36 
6,17 
38 
37,96 
0,35 
7,5 
14,72 
T8 (0.39) 
15 
5 
22,96 
33,06 
5 
2 
4 
3 
10 
100 
0,40 
6,15 
38 
38,00 
0,39 
771 
14,72 
•'Criitte prottiin IJfi'l'.a, 
Crude protein P-JS"-!.,!, 
'.-Aininu acid mixlure li; 100 s; " i arginine 1 4S; hi,>.lidiiK' 0.57; is.ileucmi' ,2,15: leucinp, 1,S9; lysine 1,31: methionine 1,03: cy.stine 
0,85; phenylalanine 1,55: tyrosine 0,94, threonine 1,1)2: Iryptiipiian variable: valine: !,(v; alanine 1,23: aspartic acid 0,1)9: 
i^luiamic aL:i(l 0,00; serine (),0(): proline 0,952: glycine variable, 
§,Mincral nii.v:ture (g 100 g"' i calcium biphosphate I ?.57; calcium lactate i2.69; ferric cil.rale 2,97: imignesium sulphate I i,2l): 
potas.sium phosphate Idibasic) 2 3,98; sodium biphosphate 8,72; .sodium chloride 4,35; aluminium chioridcfi H.O 0.0154; potas-
sium iodide 0.015; cuprous chloride O.OIO: magnus sulphate, I-hO 0,080; coball chloride,!) H^O 0.10: zinc sulphate,? H^O 0,40, 
"Mtilver 12002), 
"Vitamin mixture diluted in alpha cellulose In i g 100 g~': inositol 0,20; ascorbic acid ll,-ascorbyl-2-polyphosphatei 0.10; 
rucolinic ;!cid (),075; cttlcium pijniotiienate 0,05: riboflavin 0,02: inenadiiaie 0,004: pyridoxine hydrociitoride 0,005; Itiianiin 
liydrochloridc 0,005; tolic ticid 0.0015: biolm 0,0005; Choline chloride i),5 g 100 g '; vitamin B,: 0,00001; vitamin K as alpha-
locopherol 0,04; Lobn Chemic, India, 
"Digestible energy was calculated on the basis ol physiological fuel values 18,8. 12.5 and 35.5 k) g"' lor protein, dextrin and lipid 
respectively (launcey 19821. 
saliely twice a dtiy til 08:00 and 17:,30 hours for 
72 days. Initial and weekly individual weights 
were recorded on a lop-loading baUuice (Precisa 
120A: 0.1-mg sensitivity. Oerlikon AG. Zurich, 
SwilzLTJand). Fish vve)"e deprived of feed on I he day 
fhey were weighed. Faectil intttter vvtis siphoned 
off before every feeding. The unconsutned feed in 
few was collected.soon after active feeding, dried 
and reweighed lo measure ihe acitial tinioiint oi' 
dry feed consuiried lor accuracy in FCR calcula-
tion. 
Water quiiiify parameters 
Witter qtttility ptir.ioiefers were recorded dtiily dur-
ing the feeding trial (.'VPFiA 1992), The average 
water temperature, dissolved oxygen. Iree carbon 
dioxide, pH and total alkalinity based on daily 
lueasuretnenls were 27-2(S.7°C. 6.5-7.8 mg L"'. 
5.1-11.7 mg L^'. 7.3-7.7 and 65-S4.5 mg L~' 
respectively. A ntitiiral phofopei-iod was used 
ihroughotit the experiment. 
Hacmatologlcal assay 
Beloi-e ttiking the blood samples, lish were starved 
for 2-1 h and anaesthetized with MS-222 al the 
concentration of 100 ug mL '. Blood samples 
were obtained from lire caudal vein of seven 
(isli from each trotigh in Iriplicale In = 3 x 7) 
using hcparinized syringe. The blood samples 
thus collected were used lo determine blood char-
acteristics. Erythrocyte ct.iunl was determined 
using an improved Neubauer haematocytometer 
;c; 2012 Blackvvell Publishing Lid, /U/imcii/riiic V,rimr(h. 1-12 
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Table 2 .'Analysed aniiiii) acid profile of Tl diel* 
Amino acids 
Amino acid composition of 
T1 diet {% dry diet) 
Essential amino acids (EAAs) 
Arginine 2,41 
Histidine 0,76 
Isoieucine 3,05 
Leucine 3,51 
Lysine 2.33 
Methionine 1 49 
Piienyialanine 2.41 
Threonine 1.63 
'Tryptophan 0.10 
Valine 2.75 
Non-essential amino acids (NEAAs) 
Cystine 0.97 
tyrosine 1.72 
Alanine 2.20 
Aspartic acid 1.30 
Glutamic acid 2.63 
Proline 3.16 
Serine 0.63 
"Glycine 7.89 
"DelLTimned using llilnchi L--8cS0() Aulomalic Amino .Acui 
Analyzer 
Variiihk; \cvch of L-trypiepiian and glyeine have been 
provided in Talile 1. 
wilh Yokoyama's (J947) solufioa a.s the diluiirig 
iiicdJuiii. Blood haemoglobin was eslimatcd colori-
metrically following Wong's (1928) method, Hae-
raatoci'if value was nteasured by spinning the 
niici'o-winirobe lube coniaming well-mixed blood 
in a niierij centrifuge {RM 12 C. Mici'o Ceiilril'ugc, 
Reiiii, lleini .Molnrs. lioiiibay. India) for aboui 
5 min al 12()0l}(j, 
Lens quality analysis 
Al the end of the experiment, 5 lish from each 
Ireiitment in triplicates {n -- 3 x 5) were sampled, 
decapitated and ihe lenses removed asepl.ically 
from the Icit eye. The lenticular atlachmenls were 
carerully removed 'diid ihe lenses were niounled 
on a glass slide and observed carefully for cataract 
with the help of head-mounted binocular magni-
iier wilh in-built light source. 
Sample collection and chemical analyses 
Six subsiimples of a pooled sample of 50 lish were 
analysed for inilial body composition. At (he end 
of the experiment, six lish from each rcplicalc of 
dietary treatments vA'ere pooled separately and 
three subsamples of each replicate from the pooled 
sample (ri = 3 x 3) were analysed for final whole-
body composition. 
Proximate composition of casein, gelatin, experi-
mental diets, and initial and linal body composi-
Uon was estimated using standard methods (AOAC 
1995). Dry matter of the samples was determined 
by oven diwing al lOS ± 1°C for 22 h in a tlier-
mostal lYorko instruments. New Delhi, India), 
crude protein by digesting the dried samples in srd-
phuric acid (12 inL) at high temperature (420°C) 
in the presence of potassium sulphate and copper 
sulphate as catalysts (Kjeltec Tecator"^' Technol-
ogy 2300. Poss, Hoegeneas. Swedenj, crude lipid 
by solvent exlraclion with petroleum ether fB,P, 
40-6()°Cl for 2-4 h; Socs Plus equipment, SCS 4, 
T. Nagar, Chennai, India I and ash content was 
determined by incinerating 2 g of dried samples in 
a Mullle Furnace (S,M, ,ScienUlic Instrument. Jin-
dal Company. Delhi. Indiaf at 6,50°C for 2 3 h. 
Amino acid analysis of casein, gelatin, experimen-
tal diets and Initial and final carcass sample was 
done by hydrolyzing 0.3 mg sample in 1 ml, of 
6N HCl for aboui 22 h. The sample thus obtained 
was diluted m 0,02N MCI and injected in an auto-
matic /\inino Acid .Analyzer (Hitachi L-880()), 
Recovery hydrolysis was performed in 4N 
methanesiilphonic acid for the analysis of tryp-
tophan and in performic acid for tite recovery of 
sulphur amino acids. 
Growth perl(;i'mance evaluallon 
(irovvth performance of fingerling II. Jossilis in 
response to varying levels of dietary tryptophan 
was measured as a function of weight gain by cal-
culating the following paramelers: 
Absolute weight gain (AWG; g fish ') = average 
individual linai weight (g)-average individual ini-
tial weight (g). 
Feed conversion ratio (FCR) = dry feed fed (g)/ 
wet weight gain (g) 
Protein relenlion elliciency (PRE'J'n) = (protein gain 
g)/(protein fed g)xlO(), 
Statistical analyses 
The growth data were subjected to analysis of var-
iance (.-v.xov.-i: Snedecor it Cochran 196S: Sokal & 
Kohlf 1981), Dilfererices among treatment means 
were determined using Tukey's multiple range test 
: Blaeiiwc)! Pablisliing Lid, /Irfiim-'iiiture Rcwairh, 1-12 
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at ii P < 0 , 0 5 level of s ignil icance {Tukey 1 9 5 3 ) . 
Dala were subje t led (,o broken- l ine (Y = a+bX: 
Robbins. Norlon & Baker 19 791 and second-degree 
polynomial regression analyses (Y = aX'+bX+c: 
Shearer 2000). StalisUcal analysis was done using 
Origin (version 6.1: Origin Sollware. San Cle-
raente, CA) and MATLAB (version 7.1: MATLAB 
Software. Nalick. MA), 
Results 
YAWC O lisir = 1 3.57 ^ 2S1,I65X: X < 0.28% 
(R ' = 0.999). L,; Y= 115.88-173.35X: X > 
0.28%. L :^ 
Y|.vR=8.1856-28.4151X: X < 0.28% (R^ = 0.932), 
Li: Y = 1.4696 + 0.82305X: X > 0.28%, L>; 
YpRF.'!!=-8,795 + 14],25444X: X < 0.28% (R" = 
0.993). L,: Y = .57.666-S8.4612X: X > 0.28%. 
Lj respectively. No mortality was recorded among 
the groups throughout the length of the experi-
ment. 
Growth performance and per cent survival 
Best performances in terms of absolute weight gain 
(AVVG: g lish^''): feed conversion ratio (FCR) and 
prolein retention elliciency (PRE'Ki) were observed 
for the group fed dietary tryptophan at 0.28"'n 
(T5) of the dry diet (Table 3). All growth dala 
were subjected t,o one-way analvsis of variance 
.\\o\,\. To obtain more precise miormation on die-
tary tryptophan requirement oi Smghi. response-
criteria were subjected to broken-line and second-
degree polynomial regression analyses. The bro-
ken-line regression analysis rellecred higher R~ 
values lor AW(". g lish^ ' (0.999). PRE% (0.993). 
lib g dL ' (0.995). Hct'K, (0.993) compared with 
R" values obt;iined using second-degree polyno-
mial regression analysis of AVVG g lish~'(0.949), 
PRK% (0.890). Hh gdir '(0.969) and Hct% 
(0,943), Hence, the results are reported on the 
basis of broken-line regression analysis. The rela-
tionships were best established by the following 
linear equations; 
Body composition 
Changes in body composition of lish fed different 
levels of dietary tryptophan have been depicted in 
Table 4, Body protein was found to increase with 
inci-easing levels of dietary tryptophan up to T5. 
further increase in dietary tryptophan at 0.32 (T6) 
and 0.35%i (T7) did not show any signilicani 
improvement (P > 0,05) in body protein. However, 
a slight but statistically signiticant (P < 0,05) 
decline was recorded for the body protein content of 
lingerling H. fossilis when fed tryptophan at 0.39"ii 
of the dry diet (T8), Body fat content showed a sig-
nilicani (P < 0,05) linear decrease with the increase 
in dietary tryptophan up to {).2H% (T5) beyond 
which no significant decline (P > 0.05) was 
i-ccorded (Y = 8.06813-r3.44X: R" = -0.964). 
The body inoisture showed revei'se trend to thijt of 
body lat content (Y = 72.096 + 13.88X: R ' = 
0.967). Body ash remained almost unaltered 
IJ' > 0.05) in response to varying levels of dietary 
tryptophan. 
Tiihlc i OroHlh, feed conversion and pi;olein retention elliciency of lingerling II. Jossilis 
Diets (% dry diet) 
Initial w1. 
(g) ••' 
Final ivt 
( g ) • •' 
AWG-'" 
FCR-'*-^  
PRE%'*-' 
p|..T... 
T1 (0.10) 
6.6610,11" 
20 9 f 2.2' 
14,3*2,61' 
5,9 i 0.13' 
6.2 ± 0,3' 
85,1 J-0.2" 
T2(0.15) 
6.63 i-0.12» 
35.9- 1.83" 
29.2 - 7.8" 
3.2 ±0.1" 
12,1 i 0.1" 
93,4 ± 0.1^ 
13 (0.19) 
6.67 u: 0.22" 
46,6 • 2.2 '^ 
39,9 + 5.9" 
2.4 :: 0.2° 
17.5. 0,2" 
96.5 i 02" 
T4 (0.24) 
6.65 i 0.13" 
59.3 •:- 3,2'-
52,7 t 23" 
1,9 ±0.1° 
23,7 ± 0,2" 
98,8 J. 0,1" 
15 (0.28) 
6,66 + 0.12" 
72.6 - 2.02" 
65.9 ± 5.5' 
1.5 ±0,1=' 
32.2 -!- 0.2" 
99.5 L 0.2" 
T6 (0.32) 
6,70 ±0.11" 
68.9 ± 2.3" 
62.1 ±9.1° 
1,6 ± 0.2" 
30.310.1" 
99.8 ±0,1" 
T7 (0.35) 
6,65 ±0,12" 
63,2 ± 1,7" 
56,5 ± 6,9" 
1,7 ±0,2"^ 
26,9 ± 0,2" 
95,5 lO . l " 
T8 (0.39) 
6,66 ±0,14" 
55.03 I- 2.3" 
48.4 i 4.9"= 
1.9 ±0.1" 
23.5 ± 0.3'^  
94,6 ± 0.1 ••• 
*'Me;in v .^iiucs of ihree rcplicalcs. 
^Mean values sharing the same superscripts arc Insii'.nilieantiy dil'ierenl (J' "•• t).()5). 
vW'VCI: g lish ' -• Absolute weiyjit gain. 
^VCK dry vveiyhl basis ~ Feed conversion ratio. 
''PRK'!'i - Prolein i-etenlion eniciency. 
**Pi = g iceti led dry basis. 
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Table 4 liody composilion of lingerling H. fiissilis 
Diets (% dry diet) 
initial T1 (0.10) T2(0.15) T3(0.19) T4 (0.24) T5 (0.28) T6 (0.32) T7 (0.35) T8 (0.39) 
Moisture*' 75,8 i 0.1 73.8 ± 0.2" 74.1 ± 0.2" 74.8 -t 0.2" 
Protein-'* 12.9 ±0.1 13.6 i O l ' 14.3 - 0.2'-' 15.6 .•-0.2" 
Fat*" 6.9 ±0.1 6,8 i 0 .1" 6,5 ± O.l'' 5,3^:0,13" 
Asli'-* 4,5 + 0,03 4.3 + 0.1" 3,2 ••• 0 , l " 3,2 ; 0.04'' 
75,2 i 
16,4:! 
4,8 = 
3,2 .• 
= O,!" 
= 0,2° 
L 0.1" 
i 0.1" 
75.9 = 
17.9 J 
3.6 J 
3.2 ' 
.: 0.1' 
0-2" 
.0.1 = 
0.1" 
76,0 i 0.2" 
17.9 i 0.1" 
3.6 i 0.1" 
3,2 1- 0,03" 
76,8 ±0 .2 " 78.2 ± 0 . 1 " 
17.0 ±0.1" 16,2 ±0,2° 
3,6 ±0,1" 3,2 ±0,1" 
3,2 ±0,1" 3,2 ±0.1" 
'Mean value of llirec replicates (n = 3 x 3). 
'Mean values wilh the same superscripts in a row are insignilicanlly different (/' > ().05i 
Haematological parameters 
Haemoglobin {11.9 g dL ^j. hacmaiocrif (33.8"';i! 
mid RBC count (2.9 x lO'' niL"'^ ) .showed a con-
sistent significant increase {!' < t).()5) with the 
incix'ase in dietary tryptophan up lo 0.28'!'u of ihe 
dry diel (Table 5). These parameters remained 
almost unaltered (P > 0.05) for ilie groups receiv-
ing dietary tryptophan above this level at 0.32'!ii 
(T61. 0.:.i.5% (T7) and 0.39% ITS). The linear 
equations employed lo establish the relalioiiship 
W';K' Yni,. di. ^=f8.23f.l5 -' 54.71795X; X < 0.28% 
[R- -- 0.9931. Lj; Y = 43.709-33,8858X: X>().28'!.;,. 
!.±-. \-n,.«=3.5113 - 30.b4X: X < 0.28'i'n Hi' = 0.9 j^3!. 
1„: ^ = 16.2-S-14.fihfi7X: X > 0.28%. lo. 
Incidence of caudal (in erosion and calarad 
Al the beginning of 8'*' week, caudal lins erosion 
appeared in lingerling f/. fossiUs led low levels of 
di(.i.ary tryptophan (Tl and T2) and the entire lin 
was missing at lOth wc-ek. The diet containing 
0.28',''ii tryptophan (T5) al which lingerling H. joss-
Uis attained maximum growth, protein retenlion 
and best feed conversion also prevented the caudal 
lin erosi(.)n. Incidence of caudal lin erosion was not 
found in lish receiving other diets. Visual inspec-
tion of lenses did not .show any evidence of cata-
ract in tliis study. Lenses were homogenous and 
clear throughout. 
T r y p t o p h a n requ i rement 
Based on broken-line regression analysis of AVV'G: 
glish"'. l'Rl::% (Fig. 1) and Hb: gdL~'. Hct% 
(Fig. 2) at 9S% maximum response, dietary trypto-
phan rec|uirement of lingerling Singhi is found lo 
range between 0.24'.!;, and 0.27% of the dry diet, 
corresponding lo 0.t)3-().71',i'n dietary protein. 
Discussion 
Dietary tryptophan requirement for several lish 
species has been reported to range from 0.4 lo 1% 
of the dietary protein (NRC 2011). The results of 
this study indicaie that tryptophan is essential for 
lingerling H. fossiJis. The broken-line (Robbins 
cl al 1979) and the second-degree polynomial 
regression tmalysis (Zeitotin. Ullrey, Magee. Gill & 
Bergen 19761 as used for several fish species (De 
Long. Halver & Yasulake 19.58: Zeitoun el. al. 
1976; De Silva 6i Perera 1985: Santiago L^  Lovell 
Table 5 Haematological indices of lingerling H. jossilis 
Diets (% dry diet) 
Tl (0.10) T2(0.15) 13(0.19) T4 (0.24) T5 (0.28) T6 (0.32) T7 (0.35) TB (0.39) 
•''Haemoglobin 6.5 ± 0,5" 7,9 ± 0,9° 9.8 ± 0 7 " 10,8 ±0 ,4" 11,9 ±0 ,4 " 11,9 + 0,57" 11,2 ±0 ,4 " 10,5 ±0 .4 " 
(g dL ') 
•••Haematocrit (%) 23.5 • 0,6' 26.9 •+ 0.6" 28.7 + 0.7" 30.8 ± 0,9° 33.8 + 0,5" 33,2 -.- 0.8" 32.4 •- 0.4" 30.2 + 0.4° 
*''RBCs (x lO'-'mL ') 2.7 •.. 0.2" 2.8 + 0.1" 2 .9=0.2" 2.9 ••• 0.3'" 2,9 •'- 0.4" 2,9 + 0.4" 2.9 + 0.4" 2.9 •: 0,4" 
'Mean value of three replicates (it = .? x 7), Mean values e,'i(h Ihe same superscripl,s in a row are insigtiilicantly dill'erenl 
(P •> ().()5). 
*Haemoglohiii IHb: g dl,"') 
'Haernalocrit (Hcl"':i), 
•Ki:(i blood cell count (KliCs X II)'' mi '), 
y 2111 2 tllackwell t'nblishing Ltd, ,4(/i((;c»JluiT Resi'i:irh. 1-
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Figure ) Broken-Iinc regression 
analysis of absolute weight gam 
(AWG: g fisli ') and protein reten-
tion efficiency (PRE'Jd) against vary-
ing levels of dietary tryptophan. 
Hach point represents the mean of 
triplicate groups of (ish (n = 3 x ')i. 
depicts AWG; g fish" 
Star depicts PRE% 
Analysed dietary tryptophan levels 
(% dry diet) 
Figure 2 Broken-line regressif.m 
analysis of hemoglobin {Hb; g dL '] 
and hematocrit (Hcl%) against 
varying levels of diclary trypto-
phan. F,acli point represents the 
mean of triplicate groups of lish 
117 = .] X 3). 
.30 
E 
1 ;i . 
^ 
a § 
25 
20 
Is 
SUr depicts Hct'A 
I '. sphere depicts Hb; g dL"' 
--11.84 gdU< I Y_,„. = 11.88 gdL-' 
Analysed dietary tryptophan levels (% dry diet) 
.1988: Borhmgan 1991: .MuriUo-GuiTea, Coloso. 
Borlongan & Serratio 2001: Coloso. Murillo-Gin--
rca. Borlongan & Cataculan 2004) have been used 
t(.i delerriiine the tryptophan requii-eniem of ihiger-
ling H, Jossilis. The brokeu-Une model appears to 
be more ttppropriate when the growth response 
increases linearly up to the minimum required 
nutrient level and then reaches a jjlateau above 
this level (Robbins ei al 1979). However, when 
both the models lit the data well, reqtiirenw.nl is 
almost similar and a range of requirement is 
recommended. Dietary tryptophan requirement of 
fingerling H, jossilis in this study wtis determined 
by subjecting the response variables to these two 
mathematical models. As the data were a good-lit 
to broken-line regression analysis as indicated by 
higii K^  values, the tryptophan requirement is rec-
ommended on the basis of broken-line regression 
iinalysis of the data, which at 9.5% maximum 
response of AWG: g lish"'. PRE%. Hb: g d i r ' and 
llct'Xi. exhibited the dietary tryptophan require-
ment between 0.24% and 0.27% of the dry diet, 
corresponding to 0,63 0.7TKi dietary protein. The 
requirement obtained is approximately siinilar lo 
the requirements reported for Channel callish. Jrt-
alunis jmmiiiLus 0.5% {Wilson, Allen, Robinson & 
;C 2012 ISIacicwell Pulili.shijii; Lid Aiiuciruiinn' Ri'matrh. 1-12 
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Poe 1978). Clarlas hybrid, C, mavroci'phahis x C. 
iliiricpimis 0.6% (llnprascrl 1994). European sea 
bass, DianiUwchiis hhmx 0.6% (Kaushik 1998), 
hybrid striped bass, Moivm: chnjsops x M. .vrt,v(((ili.s 
0.6-0.7'!';. protein (Gaylord, Ravvies & Davis 2005) 
and is lower than (he requirement reported lor 
Kile lilapia, Orcixltroiiiis uiloticus ] .0% (Sanliago & 
Loveil 1988). Japanese eel. AiuiuiUa japoniai l.TJ't, 
(Nose 1979) and African catlish, Clarins yaiiepimn 
1.1% protein (Faghenro & Nvvannn 1999). These 
dillerences in the requircinenl among the species 
may be due to the difi'erences m basal diet conipo-
silion (Kim, Kayes & Arnundson 1992), laboratory 
conditions, feeding levels adopted, frequency, size 
and age of fish (Cowey & Luquel 198.V, Tacon & 
Cowey 198S; Chiu. Austic & Rum.sey 1988), Dur-
ing liiigerling stage, growth rate is usually liigh. 
As growth is mainly related to muscle protein 
deposition iConceicao. l)ersjant-l,i & Verreth 
1998), high amino acids flow is required from feed 
10 growing biomass (Ronneslad, Tonheim. Fyhn, 
Rojas-Garcia, Kamisaka, Koven, Finn, Terjesen, 
I5arr & Conceicao 2003). Genetic differences, 
eyperimenlal conditions reference protein used, 
energy density of the diet, digestibility, amino acid 
prodle and energy content (Akiyama. Oohara & 
Yamamolo 1997; Luzzana. Hardy & Halver 1998: 
Simmons. Moccia. lUireau. Sivak & Herbert 1999; 
De Silva, Gunasekera & Goolev 2000) also bring 
about differences m tiie requirements. 
The lack of certain essential amino acids has been 
shov\^ n to affect growth and feed conversion nega-
tively m juvenile lish (Faiiconneau. iiasseres & 
Kaushik 1992) followed by increase nitrogen losses 
(Aragao, Conceigao, Martins. Ronneslad. Gomes & 
Uinis 2004; Aragao. Conceicao. Lacuisse, Yufera & 
Dinis 20071. Depressed growth and lower feed elli-
eiencies are more commonly noted. For example, 
Coloso ('( al. (2004) determined that Asian sea bass. 
Laws mknrijer had a marked depression in growlh 
when fed a diet containing <0,21% tryptophan of 
the dry diet. Below this dietary tryptophan concen-
tration, feed efliciency was depres.sed and HSf 
increased. Tfie reduced gain in weight of H. JossiUs 
fed diets containing O.IO'X, (Tl) and 0.15"!), (T2) 
was also due to low feed intake. As the diets weie 
formulated to contain all the essential nutrients in 
balanced proportion, the reduction in feed intake at 
sub-optimuin levels of dietary tryploplian mainly at 
0.10% m.) and 0.15% (T2) in diet was due lo 
amino acid imbalance in the body induced by the 
inadequate level of tryptophan, fiarper, Benevenga 
and Wohlhueter (1970) also indicated that the 
reduction in feed inlake was probably caused by a 
dietary amino acid imbalance. The observed anor-
exia during iliis study in fingerling H, JossUis receiv-
ing inadequate levels of dietary tryptophan has also 
been reported by various other workers (Halver & 
Shanks 1960; Hoglund, Soren.sen, Bakke. Nilsson & 
Overli2007). 
Growth, depi'essmg effect of higher levels of 
dietary tryptophan has been well documented in 
many cultivable linlish species. Excessive intake of 
dietary tryptophan was found lo depress growth 
rale and feed conversion efliciency in Nile lilapia 
Oreocbrnmis uiloticus (Santiago & kovell 1988) and 
milklish ('linnos chtmos (Borlongan 1991). In this 
study, fingerling H, fossiUs led dietary tryptophan 
at 0..35'!), (T7) and 0.39'!<, (T8) had reduced feed 
intake and growth retardation. Excesses of dietary 
tryptophan have been shown to be associated with 
increa.sed tryptophan concentrations in the blood 
that leads lo elevated brain concentrations of the 
neurotrnnsmitler serotonin, as tryptophan is a pre-
cursor of serotonin (Tagliamont;e, Biggio, Vargiu & 
(jessa 1973). This may cause l)ehavioural changes 
such as reduced feed inlake (Fernsiroin 1985). 
which has also been recorded in this study. 
As observed in this study as well as in rainbow 
trout (Kim. Kayes & Arnundson 1987) and hybrid 
.striped bciss IGayloi-d ct al. 2005). protein utiliza-
tion, as indicated by PRE'm in this study, was 
dramatically compromised in lisli fed diels with 
inadequate .•iinouni of irypfophan (TL T2. T3 and 
T4). 
Body i)i"oicin content showed signilicant 
enfiancemeiil in response lo increinenlai inlake of 
dielary tryptophan up lo 0.28'!ii (T5). Further 
increase in dielary tryptophan inlake ai 0.32% 
(T6) and 0.3 5% (T7) did nol show any improve-
ment in body protein. However, il showed a signif-
icant decline (i' < 0.05) in lish fed tryptophan at 
0.39% of the dry diet (T8). Haematological charac-
lerislics of liiigerling H. jossUis attained its peak 
with the dielary tryptophan al 0.28%i (T5) indicat-
ing that in addition lo maximizing growlh perfor-
mance and protein retention, above level of 
dietary tryptophan is adequate lo support the 
inaxiraura Hb; g dl7"', Hcl% and blood cell forina-
lion as well. 
Tryptophan is an essenUal conslitueni of the lens 
cryslallius and due lo its aromatic ring, it is impor-
lant for the absorption characteristics of the lens 
in near [JV-radialion. Sub-optimal concentration of 
•I.; 2012 niaclavel) I'ulilisliiiig tk l , .4(/»<i<;i((luix' Rexcardi. 1-12 
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dieliiry Ijyptophan htis been reported to be associ-
ated with (he development of cataract in lish 
(Postoti & Ruinsey 1.983) and terrestrial verle-
braies as well (Hall. Bowles. Sydetistricker & 
Schmidt 194S; Ohrloff. Sloffei. Koch, Wefers. 
Bours & Hockwin 1978). 
Based on broken-line regression analyses ol' 
AWG: glLsLt"'. PRli%, Hb: g d L ' ' and Hcl% at 
957li maximutTi response, oplimiim dietary trypto-
phan requirement of lingerling H. tossilis was found 
to range between 0.24% and (127% of the dry diet. 
corresponding to ().(->5 l).7i% dietary protein. Data 
generated in litis study will be useful for llsh nutri-
tionists in developing feeds thai maximize growth, 
feed conversion, protein retention and highest 
haemalological values of lingerling U jossiUs. 
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A B S T R A C T 
Heteropneustes fossilis is distributed in most of the Southeast Asian countries. It is a promising species for aqua-
culture due to its high protein and iron content, ability to withstand shifts in salinity and temperature, and sur-
vival in oxygen depleted water, in view of the above, this study was undertaken to evaluate the effects of varying 
levels of dietary i.-histidine on grovrth, protein gain, histidine retention, hematological and body composition of 
this fish so as to optimize the inclusion of histidine in its commercial feeds. Casein-gelatin based isonitrogenous 
(380 g kg-' CP) and isocaloric (17.9 MJ kg"' GE: 15.3 MJ kg"' DE] amino acid diets with six different L-histi-
dine levels (5.0, H,; 6.5, Hj; 8.0, H,; 9.5, a.; 11.0, H :^ 12.5 g kg"'dry diet HJ were fed to quadruplicate groups of 
fingerling Singhi (6.6 ± 0.2 g) twice daily at 07:00 and 17:30 h to apparent satiation for 8 week. Feeding trial 
was conducted in a flow-through system (1-1.5 L min"')at28 "Cwatertemperature. Growth, feed conversion, 
protein gain and histidine retention of fingerling Singhi were found to increase significantly with the quantitative 
increase in dietary histidine from 5.0 (H;) to9.5 g kg"' diet (H4). Hepatosomatic index, condition factor, hemat-
ocrit and hemoglobin were significantly affected in fingerling Singhi fed diffetent concentrations of histidine and 
were also found to be best in fish fed diet H4. Quadratic regression analysis of the above parameters at 95% max-
imum and minimum plateau indicated that inclusion of histidine at 9.4 g kg"' of the dry diet, corresponding to 
24.8 g kg~' dietary protein is optimum in formulating histidine-balanced, cost-effective, commercial feeds for 
intensive culture of Singhi. 
® 2013 Elsevier B.V. All rights reserved. 
1. Introduction 
To formulate amino-acid balanced, cost-efTective and eco-friendly 
practical diet for intensive aquafarming of a candidate fish, species specif-
ic understanding of the ten dietai^ essential amino acid needs is essential. 
Among all the 10 essentia! amino acids, histidine is one of the most im-
portant amino acids in fish diets. It has been reported that administration 
of histidine promotes the secretion of growth hormone and hence growth 
(Vught et al., 2008). It is critical in maintaining the osmoregulation pro-
cess in fish and is utilized for energy production during certain emergen-
cies or adverse conditions (Abe and Ohmama, 1987). Histidine serves as 
an important antioxidant and buffer in different tissues of various fish 
species (Hiroshi and Murai, 1994: Munakata et al., 2000; Wade and 
Tucker, 1998). Fishes have higher levels of histidine containing dipep-
tides anserine and camosine in their muscles (Abe et al.. 1986) which 
act as .antioxidants in lens and, therefore, its dietary deficiency causes 
the development of cataract in fishes (Breck et al.. 2005). Erythrocytes 
are important carriers of amino acids such as aspartate, glutamate, gly-
cine, histidine and lysine in monogastric animals (Seal and Parker, 
* Corresponding author. Tel.: 4-91 9412272.587. 
E-mail address: khanniukhtar@>yahoo.com (M.A. Khan;, 
2000). Also, the protein hemoglobin (Hb) is rich in histidine (Sebrell 
and McDaniel, 1952), hence histidine is particularly important amino 
acid for hemoglobin synthesis in aquatic as well as in terrestrial animals 
(Nasset and Gatewood, 1954; Finals et al., 1973; Sebrell and McDaniel, 
1952). Because of its versatile roles, its dietary inclusion as per the re-
quirement of the species is warranted. 
Heteropneustes fossilis, commonly known as Singhi. is one of the most 
important freshwater air breathing, omnivorous catfish species which is 
widely distributed in most of the Indian subcontinent and Southeast 
Asian region (Puvaneswari et al., 2009). During summer, when the 
swamps dry up, it usually burrows inside the mud to avoid total de-
hydration, its induced spawning and fry production is very easy 
(Ramaswami and Sundararaj. 1956). It has extreme tolerance to a 
high concentration of ambient ammonia for several weeks (Saha and 
Ratha. 1994, 1998; Saha et al.. 2002). Due to its high nutritive value 
and low fat content, the stinging catfish has been recommended as a 
diet for convalescing patients {Mok et al„ 1993). Eariier studies on its 
nutrition includes mainly the information on feed acceptability, protein 
requirement, mineral and vitamin requirements and the protein to en-
ergy ratio (Akand et ai., 1991; Anwar and Jafri, 1992; Firdaus et al., 
2002; Jhingran, 1991; Khan and Abidi. 2012; Mohamed. 2001; Niamat 
and Jafri. 1984; Siddiqui and Khan. 2009; Usmani and Jafri. 2002). 
0044-8486/J see front matter 0 2013 Elsevier B.V. All rights reserved 
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There is little information available on essential amino acid requirements 
of Singhi (Farnat and Khan, 2012a,l3; 2013; Khan and Abidi. 20na,b) 
which is the major impediment that hinders the pi'oduction of nutrition-
ally adequate manufactured feeds for its intensive culture. Also, the lack of 
consistent data on the essential amino acid requirements of different 
growth stages of this fish makes it difficult to correctly formulate diets 
that maximize growth to their full genetic potential. Optimum level of di-
etaiT/ histidine has been worked out for a number of cultivable fish species 
(.^ 4K,, 201 i: Zhao et al., 2012). However, until recently there is an abso-
lute lack of published data on dietary histidine requirement of fingerling 
H. fossilis. Thei'elbre, this study was conducted to determine the effects 
of dietary histidine concentrations on growth, feed conversion, protein 
gain, histidine retention and body composition in fingerling H. fossilis. 
Since histidine is found to be in higher concentration in hemoglo-
bin protein, a direct relationship between dietary histidine intake and 
hematological parameters exists. Consequently, to verify the histidine 
requirement obtained by growth and nutrient retention data, hema-
tological variables which give accurate indication of the fish health 
in response to dietary manipulations have also been investigated. 
2. Materials and methods 
2.1. Preparation of amino add test diets 
Casein (vitamin and fat-free)-geiatin based basal diet was 
supplemented with mcremental levels (5.0, (5.5, 8.0, 9.5, 11.0, 
12.5 g kg" ' ] of L-histidine. Diets were prepared to be isonitrogenous 
(380 g kg" • crude protein: CP) and isocaloric (17.9 MJ kg" ' gross en-
ergy: CE, 15.3 IVIJ kg" ' digestible energy, DE). Ingredients used to pre-
pare the diets have been given in Table 1. To accentuate the utilization 
of the limiting amino acids from the diet (Wilson. 2002), dietary protein 
level was fixed at 380 g kg" ' , slightly lower than the optimum protein 
requirement reported by Siddiqui and Khan (2009,400 g kg" ' ) . Crys-
talline L-amino acids were added to the intact protein sources to simulate 
the amino acid profile of the experimental diets to that of 380 g kg"^ 
whole chicken egg protein excepting the test amino acid histidine 
which was added to provide the calculated values as 5.0,6.5,8.0,9.5,11 
and 12.5 g kg" ' diet. Argmine, tryptophan and lysine were fixed in all 
the diets as per the requirement determined for these three amino acids 
(Farhat and Khan. 2012a,b; Farhat and Khan, 2013). Hisddine contributed 
by the intact protein casein and gelatin was 3.9 and 0.4 g kg ' diets, re-
spectively. The amount of glycine on protein to protein basis was replaced 
by the incremental levels of histidine in the diets. This adjustment was 
made to make the diets isonitrogenous. Crystalline i-amino acid premix 
was pre-coated with carboxymethyl cellulose and freeze-dried prior to 
use. The CMC-bound ciystalline amino add mixture and other dry ingre-
dients were then added to the casein-gelatin paste. This was done to delay 
the digestive absorption of the amino acids from the gut, optimize their 
use for protein accretion or gain (Mambrini and Kaushik, 1994), improve 
the water stability of the diets and prevent the leaching of the amino acids 
from the diet. The pH of each diet was adjusted to 7.0 by the addition of 
6 N NaOH (Wilson el al., 1977). A blend of cod liver oil and corn oil 
(2:5) was used as the dietary lipid source to provide n-3 and n-6 fatty 
acids. Vitamin and mineral premixes were prepared as per Halver 
(2002). Diets were made isoenergetic by adjusting the amount of dextrin. 
The amino acid test diets were prepared as per Abidi and Khan (2007). 
Briefly, the dietary ingredients, except vitamins, minerals, cod liver oil, 
corn oil were blended, moistened with water and then steam-cooked 
for 20 min. After cooling at 40 °C, vitamins, minerals and the oil premixes 
were added and subsequently mixed into a dough; using Hobart electric 
mixer (Hobart, Troy, USA). After thorough mixing, the final diet with 
bread dough consistency was poured into a teflon-coated pan, cut in the 
form of small cubes and stored at - 20 °C till use. To confirm the quantity 
of dietary histidine, diets were analyzed using an automated Ammo Add 
Analyzer (Hitachi t-8800, Tokyo, Japan). The analyzed histidine concen-
trations (4.9,6.3.8.1,9.4,10.8 and 12.4 g kg""" dry diet) were suffidently 
close to the formulated values. Since the digestible or metabolizable 
energy values for the ingredients used are not available for fingerling 
H. fossilis, digestible energy was calculated using conversion factors 
of35.53,18.81 and 14.63 MJ kg ' for fat, protein and carbohydrate, 
respectively (Jauncey, 1982). The water stability of the test diets was 
assessed with slight modification of method used by Fagbenro and 
Jauncey (1995) and calculated as the percentage difference in sample 
weight after re-weighing. It was found to be 97%. To determine the 
leaching loss of the amino acids from the test diets, the dried samples 
after immersion in water were also subjected to amino acid analysis. 
The amino acid analysis of these dietary samples exhibited that after im-
mersion in water for 30 min. no significant change in their amino acid 
composition was recorded. 
2.2. Experimental design and feeding trial 
Induced bred H, fossilis fiy were obtained from the departmental fish 
hatcheiy (Fish Breeding and Rearing Facility, Department of Zoology, 
Aligarh Muslim University, Aligarh, India). To acclimatize the fish to 
the laboratory conditions, they were transferred to the wet laborato-
ry, given a prophylactic dip in K!Vln04 solution (1:3000) and stocked 
in indoor circular aqua-blue colored plastic lined (Plastic Crafts Corp, 
Mumbai, India) fish tanks (1.22 m x 0.91 m x 0.91 m: water vol-
ume 600 L). These were raised to fingerling stage by feeding casein-
gelatin based (380 g kg"^ CP) H-440 (Halver, 2002) diet in the form 
of soft cake at 07:00 and 17:30 h each day for two weeks. 
After acdimatization, fishes (mean body weight 6.6 ± 0.2 g. mean 
body length 10.5 ± 0.1 cm) were randomly distributed at the rate of 20 
fish in quadruplicate in circular polyvinyl troughs (water volume 55 L) 
fitted with a continuous water flow-through systein (1-1.5 Lmin'M. 
Fish were kept under a constant natural photoperiod of 12 h ligtil:12 h 
dark. A daily record of water quality parameters was maintained 
according to the procedures of APHA (i 992). The average water tem-
perature 27 °C. dissolved oxygen 5.5 m g l " ' , free carbon dioxide 
8.1 mg L \ total NH3-N 0.22 mg L ', nitrite-N 4.1 mg L" ' nitrate-N 
3.0 mg L~'. pH 7.3 and total alkalinity 78 mg L^'' based on daily mea^ 
surements. were within the optimum range. 
2.3. Feeding regime and vvceWy measiireirieitrs 
After carefully obsei-ving the feeding behavior and feed intake, fishes 
were fed test diets in the form of semi-moist balls (350 g kg" ' moisture; 
5 mmindiameter) to apparent satiation twice daily at 07:00 and 17:30 h. 
During feeding particular attention was given to the consumption of the 
diet offered. None of the diet offered remained uneaten in any trough. 
Hence, the amount of uneaten feed was almost negligible in each trough. 
Fecal matters were siphoned before and after active feeding. The feeding 
trial lasted for 8 week. On the day of weekly measurement, fish were 
fasted for 24 h to empty their guts and their mass weight recorded on 
a top-loading balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, 
Zurich, Switzerland) for calculating other growth parameters. To avoid 
stress, above measurements were taken under moderate anesthesia 
(100 mg L"-' MS-222, Sigma, St Louis, MO, USA). 
2.4. Sample collection 
At the beginning and end of the 8 week feeding trial, fish samples 
were taken after subjecting thein to a lethal dose of 100 mgL" ' 
lVlS-222, Sigma, St Louis. MO. USA and kept frozen at - 2 0 °C for subse-
quent whole body proximate analysis. Six subsamples of a pooled sample 
of 30 fishes were analyzed for initial body composition. At the end of the 
experiment, 10 fish from each replicate of dietary treatments were sam-
pled, pooled and analyzed for final body composition. At the start and 
end of the experiment eight fish from each replicate were recorded for 
their length and weight to calculate condition factor. The fish were tiien 
dissected, the liver and viscera were carefully removed, rinsed in water. 
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Table 1 
Ingredients used in amino acid test diets. 
Ingredients (g l<g ' ) 
Casein' 
Gelatin'' 
Amino acid mix' ' ' 
Dextrin 
Corn nil 
Cod iiveroii 
IVIineral mix'-
Vitamin mix'"' 
fie-Celliilose 
Carljoxymethyi cellulose 
Total 
Calculated gross energy i 
Calculated digestible ene 
;MJkg- ' ;CE) 
• rgy(MJkg- ' :DL) 
Diets (g kg - ' ) 
(H,) 
150 
50 
2.36.9 
319.S 
50 
20 
40 
30 
3.3 
100 
1000 
17.9 
15.3 
(H2) 
150 
50 
235.1 
320.8 
50 
20 
40 
30 
3.1 
100 
1000 
17.9 
15.3 
{H-O 
150 
50 
235.5 
321.7 
50 
2(1 
40 
30 
;:.8 
100 
1000 
17.9 
15.3 
(HJ 
150 
50 
234.8 
322.8 
50 
20 
40 
30 
2.4 
100 
1000 
17.9 
15.3 
(Hs) 
1.50 
50 
234.1 
323.9 
50 
20 
40 
30 
2.0 
100 
1000 
17.9 
15.3 
(He) 
150 
50 
233.4 
324.9 
50 
20 
40 
30 
1.7 
100 
1000 
17.9 
15.3 
" Crude Protein (760 g kg"': l.oba Chemie. Mumbai. India). 
'• Crude Protein (960 g kg"': Loba Chemie. Mumbai, India). 
' Ciystalline i-amino add premix composition of diets Hi to ilg (g kg"' ot diet): arginine 652: isoleucme 21.47: leucine 18.96, lysine 7.72: methionine 10.32; cystine 8.52: phenylalanine 
15.5: tyrosine 9,35. threonine 10.24: triipiophan 1.4: valine 16.72: alanine 12.3: aspartic acid 0.86: glutamic acid 0.0: serine 0.0: proline 9.52; l-histidine 0.7.2.2,3.7,5.2,6.7,8.2; Loba Chemie, 
Mumbai. India, Each mixture was made isonitrogenoiis with the addition of reduced amounts of glyane 86.8.84.5. 82.4.80.2.78.1.75.8. 
'' Histidine and glycine contributed by the intact protein sources (casein-.gelatinj were 43 and 15.4 g k.g"' of diet, respectively. 
'" llalvei (2002), 
' Mineral mixture (gkg' l of mineral premix) calcium biphosphate Ca (H .^l'ft.ij. 4H2O 135.7: calcium lactate (|CH3CH(0H)C00|jCaj 326.9; ferric ciffate 29.7; magnesium sulphate 
1 MgS04.7Hi0j 132.0; potassium phosphate (dibasic) 239.8: sodium biphosphate 87,2: sodium chloride 43.5: aluminium chloride. 6H2O 0.154; potassium iodide 0.15; cupric chloride 010: 
mangane.se sulphate monohydrate. H^ O 0.80; cobalt chloride. 6HjQ 1.0: zinc sulpliate. 7H;0 3.0; Loba Chemie, Mumbai, India. 
•'• Vitamin mixture 30 g kg"' of diet (10 g vitamin mix + 20 g cc-cellulosel choline chloride 5.0; inositol 2.0; ascoitic acid (i.-a.scorbyl-2-polyphosphate) i .0; nicotinic acid 0.75; calcium 
pantothenate 0.5: riboflavin 0.2; menadione 0.04; pyiidoxinc hydriKhloride 0.05; thiamin hydrochloride 0.05; folic acid 0.015: biotin 0.005; alpha-tocopheryl acetate 0,4; vitamin S,,, 
0.0001; Loba Chemie. Mumbai, India. 
dabbed dried with soft cloth and weighed in order to establish the 
hepatosomatic and viscerosomatic indices (HSl: VSl). 
2.5. Hematological measurements 
At the end of the experiment, blood was collected using in a sterile sy-
ringe rinsed with 2% ethylene dimethyl tetra amine (EDTA) solution as an 
anticoagulant from the caudal vein of anesthetized fish. Blood of five fish 
per leplicate were pooled to obtain enough blood samples for hematolog-
ical analysis. The blood thus collected was kept in EDTA rinsed Hppeiiaorl 
tubes. Fish were fasted for 24 h prior to the collection of blood samples. 
These blood samples were used for determining erythrocyte count 
(RBCs) by an improved Neubauer hematocytometer with Yokovan-.a's 
'1947) solution as diluting medium and hemoglobin (Hb) content col-
onmetrically as per Wong's {19281 Haematocrit levels were deter-
mined by drawing fresh blood into microhaemaiocrit tubes and 
centrifuged in a microhaematocrit centrifuge (RM 12 C. Micro Centri-
fuge, Remi. Remi Motors. Bombay. India) at 3600 g for 6 mm. For deter-
mination of erythrocyte sedimentation rate (ESR), the blood was mixed 
well and 0.2 ml was drawn into a Westergren tube. The tubes were 
placed vertically and were left undisturbed for 60 min, after which the 
level of the column of sediment was noted as ESR. Erythrocyte osmotic 
fragility (EOF) of the fingerling H.fossilis fed various concentrations of 
dietaiy histidine was assessed as per Ezell et al. (1969) using gradient 
saline solutions. 6 tiJ of blood was added to 2 ml of a salt solution 
(NaCI) with different concentrations (0, 0.25. 0.45, 0.55. 0,65, and 
0.85%). After incubation at room temperature for 30 min, the tubes 
were centrifuged at 3000 g for 10 min. The release of heamoglobin fol-
lowing hemolysis was measured using 540 nm using spectrophotome-
ter (ThermoSpectronic, Genesys-lOS, Rochester, New York. USA) with 
distilled water as blank. The percentage of hemolysis was calculated 
by reading of the optical density of the supernatant against salt concen-
trations. The values for per cent hemolysis was calculated by dividing 
the optical density of the supernatant with blood in physiological saline 
with the optical density of supernatant of the tubes with blood in dis-
tilled water and then multiplying the ratio with 100. 
2.6. Proximate analysis of ammo acid test diets and fish samples 
Pro.ximate composition of casein, gelatin, experimental diets, and ini-
tial and final body composition was analyzed using standard methods 
(AOAC. 1995). Di-y matter of the samples was determined by oven drying 
at 105 ± 1 °C for 22 h in a thermostat (Yorko Instruments, New Delhi. 
India), crude protein by digesting the dried samples in sulfuric acid 
(12 ml) at high temperature (420 "C) in the presence of potassium sul-
fate and copper sulfate as catalysts (Kjeltec Tecator™ Technology 2300. 
Hoegeneas. Sweden), crude lipid by solvent extraction with petroleum 
ether (8.P. 40-60 'C) for 2-4 h: Socs Plus equipment. SCS 4, T. Nagar. 
Chennai. India and ash content was determined by incinerating 2 g of 
dried samples m a Muffle Furnace (S.M. Scientific Instrument (p) Itti. 
Jindal Company, Delhi, India) at 650 T for 2-3 h. Gross energy of the 
amino acid test diets was calculated on the basis of fuel values 23, 
20.19,24.24.16 and 37,6 IMJ kg" ' for casein, gelatin, amino acids, dextrin, 
and fat, respectively, determined using a Gallenkamp ballistic bomb calo-
rimeter (Callenkamp, Loughborough, UK). To confirm the calculated 
levels of gross energy of the prepared amino acid test diets, each dietaiy 
sample were analyzed for their gross energy content using Gallenkamp 
ballistic bomb calorimeter. The analyzed values were found to be almost 
similar to the calculated values (Table 2). Amino acid analysis of the 
samples was performed according to Khan and Abidi (201 lb). Brieily, 
0.3 mg sample was hydrolyzed in 1 ml of 6 N HCI for about 22 h under a 
nitrogen atmosphere at 110 °C temperature. The samples thus obtained 
were diluted in 0.02 N HCI. The hydrolyzed samples were filtered 
using microRlter (Cellulose acetate membrane, 0.45 nm. Corning, 
Japan) and then injected in an automatic Amino Acid Analyzer 
(Hitachi L-8800, Tokyo, Japan), Recovery hydrolysis was performed 
in 4 N methanesulfonic add instead of 6 N HCI for the analysis of tryp-
tophan wiiich followed the decomposition at 110 'C temperature for 
22 h. After this 4 N NaOH was added to adjust the pH to approximately 
2. This was then diluted again in 0.02 N HCI. However, the recovery hy-
drolysis of sulfur ammo acids methionine and cystine was performed in 
2 ml of performic acid for 4-24 h. After this 0.3 ml of 48% HBr was 
added and the decomposition was performed at 110 °C for 22 h. The 
samples were then dried solid under reduced pressure. After this 
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Table 2 
Proximate composition of the amino acid test diets and analyzed amino acid composition of diet H,. 
I'rotein 
Fat 
Analyzed gross energy Mj k g " ' 
EAAs' 
Argininc 
Hisiidine 
Isoleiiciiie 
Leucine 
Lysine 
Metliionine 
Hlienylalanme 
Ttireonine 
Irypioplian 
Valine 
NEAAs" 
Cystine 
Tyrosine 
Alanine 
Aspartic acid 
Glutamic acid 
PivUne 
Serine 
Glycine 
Proximate 
4.9 (H,) 
383.1 
6S.9 
17.88 
composition of amino acid test diets (g kg ') 
6.3 [H-,) 8.1 (Hj) 
381.4 381.7 
69.9 71.1 
17.87 17,89 
9.4 (Hj j 
381.1 
69.9 
17.88 
10.8 (H5) 
381.5 
71.3 
17.91 
12,4 (He) 
381.3 
71..S 
17.89 
(H,) 
16.11 
4,91 
30.3 
34,97 
22,3 
15,68 
23,97 
16,42 
2.61 
27.74 
9.1 
17.21 
21.86 
13.41 
36.2 
31.93 
7.6S 
102.1 
•' Essential amino acids. 
'' Non-essential amino acids. 
1 niL of 0.2 N NaOH was added and sample was then left standstill for 
about an hour. Lastly the pH and volume of the sample was adjusted 
using 0.05 N and 0.1 N HCl. The results related to proximate analyses 
of the amino acid test diets and the analyzed amino acid composition 
of diet H| are presented in Table 2. 
2.7. Calculations and statistical analyses 
Growth performance of the fingerling in response to graded con-
centrations of dietary L-histidine was evaluated using absolute weight 
gain, feed conversion ratio, protein gain, histidine retention and per-
centage survival as the response parameters: and was calculated as 
follows: 
Feed convei'.sion ratio (FCR dry ba.si.si - dry feed fed fg)/'wet weight gain ig) 
Histidine retention (HR^) - mean final body weight ig) 
X mean final body histidine 
- m e a n initial body weight (g'l 
y mean mibal body histidine./histidine fed fg) - 100 
Protein gain fPGgfish"' day' mean final body weight 
< mean final body protein 
-mean initial body weight 
X mean initial body protein/No.of days. 
The data were subjected to one-way analysis of variance (ANOVA: 
Snedecor and Cochran, 1968: Sokal and Rohif, 1981) to test the effects 
of experimental diets and were expressed as mean ± SD. On finding sig-
nificant (P < 0.05) difference, a Tukeys's Test of Significance was used to 
resolve the differences (Tukey. 1953). Statistical evaluation of the 
data was done using the software Origin (version 6.0: Origin Soft-
ware, San Clemente, CA). The growth indicators (AWG g fish"', 
FCR, PG g fish"'day 'and m%) were subjected to quadratic 
regression analysis (Y = aX^ -r bX -t- c; Shearer, 2000) and the opti-
mum levels of dietaiy L-histidine was determined at the point of the curve 
at which the maximum slope of the curve plateaued by 95% (Dias et al., 
2003). 
3. Results 
3.1. Growth performance 
Absolute weight gain (AWG g fish"'), feed conversion ratio (FCR), 
proteingain (PG g fish"' day" ' ) and histidine retention (HR%) improved 
in response to graded levels of dietary histidine up to 9.4 g kg" ' (H^) 
(Table 3i. Further increase in dieraiy histidine (10.8 g kg" ' : H;,) did not 
shovv any significant change m above parameters. However, fish fed 
diet containin,g 12.4 g histidine kg" ' (Hg) diet resulted significant decline 
in AWG g fish ', FCR, PG g fish ' day " ^ and HR%. Survival was unaffect-
ed (P > 0.05) by the dietaiy histidine concentrations and no fish died 
during the length of the feeding trial. Quadratic regression analysis of 
AWG g fish' ' and FCR (Fig. 1), PG g fish"' day" ' (Fig. 2) and HR% 
(Fig. 3) data against dietary histidine levels, at 95% maximum and mini-
mum response, exhibited that the above parameters attained their best 
values at 9.6, 9.8, 9.1 and 9.2 g histidine kg" ' of diet. The relationships 
were described by the following equations: 
' 93':' nicLX AWG g fish : -1.24493X" +26,21045X-86.65489,R 
: 0.988, P<0.05. 
YgsK mm FCR = 0.08156X^-1.62492X + 9.82472, R^  = 0.955. P<0.05 
' 95,s, max K » fisli d.iy = -0.0042X' +0.08573X-0.29617,R^ 
= 0.938. P<0.05 and 
.,38175X^ + 28.33983X-96.44081,R^ 
0.965, P<0.05, respectively. 
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Table 3 
Growth, feed conver.slon, protein g^ iin and histidine retention of H.foisilis tingerling. 
Treatmeiits 
(g l<g' ' dry diet) 
4.9 (H , ) 
6.3 (H ;,) 
8.1 (H-3) 
9,4 {H 4) 
iO.8 (H-,) 
12.4 (Hoi 
"•"Ave in wt 
(g) 
5.7 ± O.l" 
6.6 ± 0.2" 
6,5 ± O.r' 
6.6 ± 0.2'' 
6.7 ± 0.1-' 
6.6 ± 0.3-' 
•'•''Ave fn wt 
(g) 
19,1 ± 1,.S'' 
35.5 ± 2.9" 
47.8 ± 3.2-
5S.7 ± 3,1 ' 
5S.4 ± 2,4-' 
54.8 ± 3.9^ 
"•"•AWC 
g n.-;!!-' 
12.4+ 1,2'' 
28.9 ± 2.1''' 
41.3 ± 1.9'' 
52.) ± 2.7' 
51.7 3: 1.4' 
46.2 ± 1.3'' 
^MpQ 
(g ) r i sh - 'd , i y - ' 
0.03 + 0.01' 
0.07 ± 0.02'' 
0.11 ± O.Ol" 
0.16 ± 003-' 
0.14 ± 0.01" 
0.11 rt 0.02'' 
"•'••"FCR 
3.99 ± 0.03" 
2.55 ± 0.04' ' 
1.97 ± 0 . 0 3 ' 
1.89 ± 0.01' 
1.91 It 0.0.3" 
2.11 ±0 .02 " 
" • ' ' • ' H R % 
11,8 ± 0 . 2 " 
23.5 ± 0.4'' 
40.3 ± 0.3" 
51.5 ± 0 . 2 ' 
49.8 ± 0,4-' 
40.9 ± 0.2'' 
' " ' "Rgf ish ' 
49.5 ± 0.2" 
73.7 ± 0.4' 
81.4 ± 0.2" 
98.5 ± O.l' 
98.7 ± 0.2' 
97.8 ± 0.4' 
' Mean value of 4 repliaites ± SEM (n = 4 y 20). 
" Mean values wim the same superscript.s in a column are insignihcantly dillerenl 
' AWC -= Absolule weight gain. 
" PC - ' Protein gain. 
' FCR •- Feed fonversion ratio. 
' HR = Hisiidine reiention, 
' H = Feed intake 
Quadratic regression analysis at 95% maximum and minimum 
responseof AWCgfislT\FCR, PCgfish"' day"' and HR'T, pointed 
out that these response variables were best at 9.6, 9.8, 9.1 and 9.2 g 
hisiidine kg"' of the dry diet, corresponding to 25.3, 25,8, 23.9 and 
24.2 g kg"' protein. The optimum histidine requirement is found 
to be 9.4gkg~' dry diet, corresponding to 24.8 gkg^' of the 
protein. 
higher in fish fed deficient (Hi and H2) and excess (H.5 and Hg) levels 
of dietary histidine compared to those fed H3 and H4 diets (Table 4). 
However, no significant differences in VSl offish fed diets with different 
levels of histidine are noted (Table 4), Condition factor (CF) was found 
to be lowest for the groups fed Hr diet (Table 4), attained a maximum 
value in fish fed dietary histidine at H4 diet indicating that fish were 
in good condition at this level of dietary histidine. 
3.2. Whole body composition 
Vaiying levels of dietaiy histidine had profound influence on whole 
body composition of fingerling H.fossilis (Table 4). Whole body fat con-
lent showed a declining trend (P < 0.05) with the incremental levels of 
histidine up to 9.4 g kg"' ofthe diet (H4) beyond which it remained al-
most same in fish fed diet H-, and H,;. Contraiy to this, the whole body 
moisture content of fingerling H.fossilis exhibited a positive correlation 
in response to graded intake of dietaiy histidine. Whole body protein 
increased in fish fed i.-histidine up to 9.4 g kg"' of the dry diet. Howev-
er, whole body protein remained almost constant (P > 0.05'i 111 fish fed 
H5 and H(j diets. No significant differences in whole body ash content 
were noted in fish fed diets with variable levels of histidine. 
3-3. .Somafic indices 
Liver to body weight relationship (HSl) was affected by dietary his-
tidine treatments (P < 0.05). The mean liver weight was significantly 
4 5 6 7 8 9 10 11 12 13 
L-histidine concentrations (;; kg"' dry diet) 
Fig. 1. Quadratic regression analyses of AWG g fish"' and FCR as affected by graded concen-
trations of dietaiy i,4iistidine. Arrow indicates the reqiiii-enient at 9.5% of the asymptote. Each 
point represents the means of four replicates iier treatment (n = 4) with 20 fishes per 
replicate. 
3.4. Hemacological features 
The hematological parameters offish receiving varying concentrations 
of dietary histidine are presented in Table 5. Dietary histidine concen-
trations significantly impacted haematocrit (Hct%), hemoglobin 
concentration (Hb g dL~'), RBCs count (RBCs x 10^ ml"') and erythro-
cyte sedimentation rate (ESR mm h~'). Hb and Hct% concentrations 
increased significantly with the increase in dietary histidine con-
centrations up to 9.4 g kg ' (H4) followed by an insignificant de-
cline in fish fed diets H5 and He. Significantly lower ESR value 
(1.94 mm h" ' ) was recorded for the groups fed 9.4 g histidine 
kg"' of the dry diet (H^) compared to the groups fed diets containing 
4.9 (H,), 6.3 (H2) and 8.1 g histidine kg"' (H3) of the diet. However, 
further increase in dietary histidine at 10.8 (H5) and 12.4 g l<g~' (HR) 
of the diet did not show any significant change in ESR values. 
n. ix^ 
L-histidine concentrations (g kg" dry diet) 
Fig. 2. Quadratic i egression analyses of PC g fish""' day"' as affected by graded concentra-
tions of dietaiy L-histidine. Arrow indicites the requirement at 95% of the upper asymptote. 
Each pnini reiiresenis the means of four replicates per treatment {n = 4) with 20 fishes |]er 
replicaie. 
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? 6 7 8 9 10 11 12 13 
L-histidiiie concentrations (g kg"' dry diet) 
Fig. 3. Quadratic regression analyses of HR% as aflerted by graded concentrations of dietary 
L-fiistidme. Arrow indicates the requirement at 95% of the upper asymptote. Lach point rep-
resents the means of four replicates per treatment (n = 4) with 20 fishes per replicate. 
3.5. EiythwcvK osmotic fragility (EOF) 
Erythrocyte osmotic fragility measured as per cent hemolysis was 
found to decrease with the increase in dietai-y histidine up to 
9.4 gkg^' (H4) indicating that erythrocytes in fish fed diets H4 
were least susceptible to osmotic lysis. However, significant increase 
in the erythrocyte fragility was evident in fish fed excess levels (H5 
and Ho) of dietary histidine (Table 5). 
3.6. Deficiency signs 
The 8-week feeding trial showed that the fish fed histidine defi-
cient diets resulted in poor growth and anorexia. No other obvious 
deficiency signs or any external pathology were observed m finger-
lings fed low histidine diets (Hi and Hj). 
4. Discussion 
Besides their role as building blocks for protein synthesis and 
gluconeogenic substrates, amino acids have also been associated 
with a multitude of physiological functions (Wu. 2009). The objec-
tive of the present study is to determine the effects of dietary r-histi-
dine on growth performance, protein gain and histidine retention 
using a dose-response approach, Singhi fingerling fed low histidine 
diet (4.9 g kg^' ofdiydiet; Hi), exhibited an anoi-ectic behavior as 
a primary response to dietary histidine deficiency resulting in poor 
growth and feed conversion ratio. Feed consumption was found to 
improve with the inci'ease in dietary histidine from 4.9 (H,) to 9.4 
(H4) g kg"' and then remained almost same in the groups fed die-
tary histidine at 10.8 (H5) and 12.4 (H5) g kg^' of the dry diet. Al-
though, the feed consumption in fish fed H2 diet was improved 
from H), it was significantly lower compared to fish fed H3 and H4 
diets. This lower feed intake in fish fed diet containing lower 
amounts of histidine (H, and H2) may be due to the reason that 
after ingesting an amino acid imbalanced diet, animal first recog-
nizes the amino acid deficiency and then respond by reducing their 
food intake (Maurin et al., 2006). This anorexia resulting from an 
amino-acid imbalanced diet takes place very rapidly (Gietzen, 
1993: Harper et al., 1970; Rogers and Leung, 1977). Scott (1998) 
also observed poor growth rate fed low histidine diets than those 
fed excess amino acid. 
Growth performance of the fish increased significantly with in-
creasing dietary histidine concentration up to 9.4 g kg""' diet (H4). 
Fish fed histidine at 10.8 g kg" ' of the diet (H5), however, did not 
show any improvement in growth performance over the dietai-y his-
tidine intake of 9.4 g kg~' (H4). Further increase in histidine con-
centration at 12.4 gkg~' of the diet (Hg) resulted in significant 
decline in growth performance of fingerling Singhi. Quadratic re-
gression analysis of AWG g fish" ', FCR. PG g fish"' day"' and HR% 
at 95% maximum and minimum slope, exhibited dietary histidine re-
quirement at 9.4 g kg"' dry diet. This dietary histidine requirement of 
fingerling H.fossilis in terms of per cent of the diet is higher than that 
reported for Ictalurus piinctatvs (Wilson et al., 1980) and Oi-eodirornis 
iiiloticus (Santiago and Lovell. 1988) and almost similar to that reported 
(ov Anguilla japonica (Aral et al., 1972), Cyprinus carpio (Nose, 1979). 
Cotfo ccitlo (Ravi and Devaraj, 1991), Lobeo rohita (Murthy and 
Varghese, 199.5), Labeo rohita (Abidi and Khan, 2004), Cirrhinus mngala 
(Ahmed and Khan, 2005) and Cyprinus carpio (Zhao et al., 2012) 
presented in Table 6. Discrepancies in amino acid needs deteimined 
for various fish species may be due to single or a combination of factors 
such as diet composition, feeding procedures, growth rate and mathe-
matical approach (Cowey, 1994; l:ncarna(,'ao et al.. 2004: Hauler and 
Carter, 2001: Kim et al., 1992: Rodehutscord and Pack, 1999: Tacon 
and Cowey, 1985). The wide variations observed in dietary histidine re-
quirement offish may also be because of methodological bias imposed 
by experimental design and conditions such as the model used to esti-
mate the requirements (Dairiki el al., 2007; Montes-C.irao and 
Fracaiossi, 200(5), the nature of the protein sources of test diets, the ref-
erence protein whose amino acid pattern is being emulated (Forsier 
and Ogata, 1998), fish size, culture protocols and different overall levels 
of performance by the fish (Bureau and Encarnatjao, 2006: Hansen et ai., 
2011), 
Carcass quality is the most important issue for aquaculturists as it in-
fiuences the yield of final product. Therefore, research has largely been 
focused on the means to improve the carcass quality and the efficiency 
ofnutrient utilization for muscle growth. Since a major and most impoi-
tant component of tissue is protein, priority is given to increase the 
quantity and improve the tissue quality of protein. Because histidine 
Table 4 
Whole body composition and sonuUic indices of fingerling H.fosilis. 
Treatments 
(g kg"'dry diet) 
4.9 (H,j 
6,3 (H /i 
S.I (H ii 
9.4(H.,j 
10.8 ill s) 
12.4 (He) 
"Moisture 
(gkg"') 
751.8 ±0.3'" 
753.2 ± 0.5" 
759.1 ± 0.7'" 
761.1 i 0.4'' 
764.4 x O.P-
766.5 ± 0.5' 
•'Protein 
(gkg- ' l 
135,1 ± 0.4'' 
139.7 ± 0.5-
148.9 ± 0.7 '^ 
167.3 ± 0.9'' 
164.7 4 0.3' 
163.5 i 0.2" 
'fat 
(gkg"' l 
60.2 i 0.3' 
55.7 ± 0.2" 
41.7 ;:;0.5'' 
35.9 ;i 0.1" 
35.1 ± 0.6" 
34,9 ± 0.4" 
",'\sh 
(gl<g"') 
38,1 - 0.5-' 
37,3 ± 0.7'' 
37,8 ± 0.3' 
36.5 i 0,4' 
33,9 ± 0,5" 
35,1 i 0,6'' 
'•HSI 
1,19 ± 0,03'' 
1.15 ± 0.02" 
1.12 ±0.01' ' 
i .n ± 0.02'' 
1.31 ±0 .01 ' 
1.39 ± 0.01" 
'•vsi 
1.23 ± 0.02" 
1.21 ± 0.04" 
1.19 ± 0,02" 
1.22 ± 0.03" 
1.25 ±0.05" 
1.27 ± 0.04" 
"Cf 
0.94 ± 0,02'' 
1,29 ± 0,04" 
1.75 X 0.02'^  
2.24 ± 0,01" 
2,09 ± 0,03" 
2.08 ± 0.01" 
HSI = Hepatosomatic index. 
VSI = Viscerosomatic index. 
CF = Condirion factor. 
" Mean value of 4 replicates ± StM (n ; 
'' Mean value of4 replicates ± SEM (n : 
• 4 X 10), 
: 4 y 8), Mean values with the same superscripts in a column arc insignificantly different. 
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Table 5 
Hcmaroiogica! features of fingcriing H.Jossiiis. 
Trcitnients (g kg" 
H, 
Hj 
H, 
H, 
H5 
H G 
' dry diet) Hb{gdL ') 
7.1 ± 0.1'' 
8.2 ± 0.3' 
10.1 ± 0.4'' 
11.3 ± 0.2' 
11.1 ± 0.3^ 
10.7 ± 0.5^ 
HU% 
21.1 i 0.2" 
23.5 ± 0 . 1 ' 
27.4 ± Q.5" 
31.6 ±0 .3 " 
31.2 ± 0.1-' 
30.9 ± 0.2" 
RBO ( X 10^ ml ') 
2.89 ± 0.05' 
2,91 ± 0.03" 
3,11 ± 0.02' 
3.15 ± 0 . 0 1 " 
3.14 ± 0.02' 
3.11 ±0.03" 
ESR{mmli ') 
2..55 ± 0.03' 
2.24 ± 0.01" 
2.11 ± 0 . 0 2 ' 
1.94 ± 0.04'' 
1.95 ± 0 . 0 1 ' ' 
1.96 ± 0.04'' 
EOF(%Heamolysis) 
57 ± 1' 
48 ± 3" 
35 ± 2' 
32 ± 1'' 
65 ± 3 " 
74 ± 2" 
Mean value of 4 replicates ± ,SF.M (n = 
Hb = Hemoglobin. 
Hct = Hematocrit. 
RBCs = Red blood cell. 
ESR = Erytiarocyte .sedimentation rate, 
tOK = Erythrocyte osmotic fragilily. 
4 X 5). Mean values with the same superscripts in a column are insignificantly different. 
and its related imidazole derivatives confer desirable taste and texture, 
dietary supplementation of histidine can improve sensoiy attributes 
such as flavor of the aquacultured seafoods (Ogata. 2002). Additionally. 
P«rde Skj^i-vik ei al. (2006) reported that dietaiy supplementation of 
histidine increases intramuscular histidine levels and pH. while reduc-
ing muscle gapping in Atlantic cod post-mortem, fhis, In turn, contrib-
utes to a higher quality fillet. In this study, crude protein content offish 
body was significantly higher in fish offered H4 diet than in fish offered 
diets with lower (H,, H2 and H3) and higher (H, and Hg) histidine con-
tents. Body fat content showed a significant declining trend with the in-
crease in dietary histidine from H, to H4. However, it shovved an 
insignificant decline in fish fed H, and Hg diets. This significant reduc-
tion in body fat content up to H4 diet may be related to enhanced pro-
tein gain as a result of balanced amino acid profile in fish fed dietaiy 
histidine at 9.4 g kg '. Several studies have also demonstrated that in-
clusion of dietary essential amino acid as per the requirement of the 
species reduces carcass lipid content (Cheng et al.. 2003: Sardar et ai., 
2009). The results of this study are in line with the above reported 
results. 
Protein synthesis and deposition are known to be most efficient when 
all the required ammo acids are present simultaneously at the synthesis 
sites (Cho and Kaushik, 1990; Ng et al, 1996). An imbalanced dietaiy 
amino acid profile may induce released amino acids to be oxidized instead 
of being channeled for body protein synthesis. Protein gain in this study 
was much higher in the 9.4 g kg~' histidine treatment {H4) which re-
mains almost same in fish fed dietary histidine al 10.8 g kg~'. Inferior 
values of PC g fish~' day~' obtained for the group fed 12.4 g kg" ' of 
dietary histidine (He) also indicates that the histidine at this high con-
centration (H(i) was being catabolized and less was utilized for growth. 
The weight loss in fingerling Singhi fed higher dietary histidine at 
12.4 g kg^^ may also be attributed to inadequate utilization of dietary 
protein as metabolic fuel to get rid of the excessive nitrogenous excre-
toiy products due to amino acid catabolism rather than anabolism. 
Table 6 
Histidine requirement worked out in present study and that of various cultivable 
warmwater finfish species. 
l-'infish species 
Singhi 
Eel 
Kohu 
Common caip 
Channel 
catfish 
Nile tilapia 
Calla 
Rohu 
Mric.l 
jian carp 
Scientific names 
Hrttropnemli's 
fmsilis 
Anguilla japonica 
Labeo whita 
Cypiinus carpio 
JiTaliinis pimctani; 
Orcodiromis nilotiais 
i'atia catia 
labeo roliira 
fin/iimrs mrigala 
(.ypiimis carpio 
(vanJian) 
Requirements g 
Kg-' 
9.4 
8.0 
9.0 
S.O 
3.7 
4.8 
9,8 
8.2 
8,5 
7,8 
of the diet 
Authors 
Present study 
Aral clal, (1972) 
Murthy and Varj.hese (l'i;J5; 
Nose(1979) 
Wilson etal,; i9S0i 
Sanhagoanri Inveli (TOSS) 
Ravi and Dovar.ij ( i99n 
Abidi and Khan VHm' 
Ahmed and Khaii ;:)!)(!')) 
Zhanetai, iTiii'i^ 
Study of amino acid retention is important in determining amino acid 
requirement. Gradient increase in dietary histidine content resulted in a 
quadratic response in histidine retention in Singhi, which was 51.5% 
when fed with 9.4 g kg" ' dietary hisddine. No significant improvement 
in histidine retention in Singhi was evident in fish fed dietary histidine 
concentration al 10.8 g kg"^ (H5). However, further increase of histi-
dine at 12.4 g kg^' of the diy diet (He) resulted to significant decline 
in histidine retention in fingerling Singhi. Chatzifotis et al. (1996) and 
Pratoomyot ei al. (2010) reported that the disproportionate amounts 
of dietary amino acids are catabolized and deaminated to provide the 
carbon skeletons used in lipid synthesis and deposited as tissue lipid 
which is also evidenced by increased HSl and VSi in fish fed diet higher 
dietaiy intake of histidine (Table 4). 
The HSl is often used as an indicator of condition and nutritional sta-
tus of fish. Brown et al. (1992) suggested that HSl and VSI reflect the pro-
portional accumuladon of energy in the liver and viscera both, and it has 
been widely acknowledged that feeding diets deficient in amino acids 
results in excess energy deposition as fat in the liver, fillet or abdominal 
cavity. The relative liver size expressed as hepatosomatic index (HSl) 
was 1.11% for fish fed histidine at 9.4 g kg""' which was significantly 
lower than that obtained for the fish fed H|, H2, H5 and He indicating 
that feeding histidine deficient and excess diets results in energy deposi-
tion as fat which is evident in present study (Table 4). However, the VSI 
remained almost same in response to vaiying concentrations of dietaiy 
hisddine in fingerling H.fossilis. The condition factor is a good indicator 
of the general well-being or fitness of the animal (Bolger and Connolly, 
1989). A continuous improvement in the CF of fingerling H. fossilis was 
evident in response to dietaiy histidine intake up to 9.4 g kg" ' of the 
diet beyond which a decline was recorded indicadng that the histidine 
concentration at 10.8 and 12.4 g kg" ' of the diet stressed the fish. 
The hematological status of farmed fish is an integral part in evaluat-
ing their health in response to dietaiy restriction of an essential nutrient. 
Hematological responses such as Hb, Hct and RBCs showed a consistent 
improvement with increase in dietary histidine intake up to 9.4 g kg" ' 
of the dry diet beyond which no significant changes were apparent. How-
ever, ESR and EOF showed a significant decline in fish fed dietary histidine 
up to 9.4 g kg" ' of the diy diet (H4). ESR in Singhi did not show any sig-
nificant decline with further increase in histidine contents at 10.8 (H5) 
and 12,4 g kg" ' of the diet (He), in contrast to this, the hemolysis of 
red blood cells as EOF was found to increase significantly in fish fed 10.8 
(Hg) and 12.4 g histidine kg" ' of the diy diet (Hg). Erythrocytes break 
down was reported to be faster in case of improper membrane function 
(Robbins et ai., 19S4), In this study, vaiying levels of dietary histidine sig-
nificantly affected the membrane functions. Erythrocytes resistance to he-
molysis was found to decrease with increase in histidine concentration up 
to 9.4 g kg" ' in hypotonic salt solutions. Increase in the cell wall strength 
with the increase in dietary histidine concentrations may probably be the 
reason foi" lower susceptibility of eiythiocytes in fish fed histidine at 
9,4 g kg" ' . The eiythrocytes were more susceptible to osmotic lysis in 
fish led diets with either the lower (4,9, H,; 6.3, H2 and 8,3, H3 g kg'"') 
or higher concentrations of dietary hisddine at 10.8 (Hg) and 12.4 (He) 
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g kg' ' . This increased susceptibility of tlie eryttirocytes to osmotic 
iysis in iiypotonic salt solution may also be due to disturbances in 
the cellular milieu of the erythrocyte membrane induced by deficient 
or excess levels of dietary histidine intake which might have affected 
the membrane stability. High levels of histidine in fish fed diets H5 
and H(; may also interact with membrane bound protein and lipid bi-
layers thus causing alterations in membrane integrity and hence af-
fecting the cell wall strength. 
Results of this study clearly indicate that dietary histidine levels affea 
the growth, feed conversion, protein gain and histidine retention. On the 
basis of quadratic regression analysis of AWG g fish'"', FCR, PG g 
fish^' day ' ' and HR%, it is recommended that the inclusion of dietaiy 
histidine at 9.4 g kg ' ' of diy diet, corresponding to 24.8 g kg ' ' of the 
protein is optimum for rapid growth, maximizing feed conversion, pro-
tein gain and histidine retention of fingerling H.Jossilis. Data generated 
in this study may be utilized in formulating histidine-balanced. cost-
effective practical feeds for the intensive culture of fingerling Singhi. 
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Abstract 
Dietary lysine requirement of lingeriiiig Heteropn-
eustes fossilis (6.96 ± 0.05 g) was quantilied by 
conducting 12-week feeding trial in a How-
through system at 28°C. Casein-gelatin based iso-
nitrogenous (38% CP) and isocaloric (14.7 kj g"^ 
DE) amino add test diets with six levels of dietary 
lysine (1.5%, 1.75%, 2.0%, 2.25%, 2.5%. 3.0% 
dry diet) were fed to apparent satiation in tripli-
cates. Broken-line and second-degree polynomial 
regression analyses at 95% plateau of absolute 
weight gain (AWG; g llsh M, feed conversion ratio 
(FCR), protein deposition (PD; g lish '^) and lysine 
deposition (ID: g lish"') exhibited lysine require-
ment between 2.0% to 2.3'fe of the dry diet, corre-
sponding to 5.3-6.1% protein. 
Keywords: lysine, requirement, flngerling, Hete-
ropneustes ^ 
Introduction 
Lysine is one oi Ihe lirsl limiting amino acids in a 
variety of feedstuffs fed to different animals. It is of 
particular concern becaust; this amino acid is 
found in highest concentration in the carcas.s of 
the lish species (Wilson & Poe 1985: Kim & Lall 
20001. It is rapidly utilized by the intestine for pro-
tein synthesis (Deng, Zliang, Tao, Bi, Kong & Lei 
2010) and other metabolic processes (StoU. Henry. 
Reeds, Yu. Jahoor & Burrin 19981 compared to 
other amino adds. Although lysine has been con-
sidered to be the least toxic ainino acid (Sauberlich 
1961), excessive lei'els of dietarv lysine have been 
shown lo cause growth depression in various lish 
species (Mai, Zhang, Ai, Duan, Zhang, Li, Wan & 
Liufu 2006; Zhou. Wu. Chi & Yang 2007; Bicudo. 
Sado & Cyrino 2009). In view of its dietary signili-
cance, several studies have been conducted in the 
past to determine the lysine requirements of culti-
vable ILsh species (Kim, Kayes & Amundson 1992; 
Small & Soares 2000: Luo. Uu. Mai, Tian. Tan, 
Yang. Ijang & Liu 2006; Mai et al. 2006; Yang. 
Uu. Tian, Liang & Lin 2010). 
Heteropneustes fossilis. the lish under study is an 
important aquaculture .species, due to il5 very high 
protein, iron and low fat content (Bhalt 1968), and 
has exceptional tolerance to high ammonia and 
low oxygen, inhabits derelict and stagnant, slow-
llowing water bodies, agricultural fields or swamps 
and wetlands (Saha & Ratha 1998) and hence it a 
succes.sful candidate for aquaculture. Although, 
data on some aspects of nutritional requirements of 
this lish are available (Niamat & Jafri 1984; Singh 
& Srivaslava 1984; Mand, Hasan & Habib 1991; 
Jhingran 1991; Anwar & Jafri 1992; Firdaus 
1993; Firdaus, Jafri & Rahman 1994; Firdaus & 
Jafri 1996; Mohamed 2001; Mohamed & Ibrahim 
2001: Firdaus, Jafri & Khan 2002; IJsmani & Jafri 
2002: Ilsmani, Jafri & Khan 2003; Siddiqui & Khan 
2009), excepting dietary arginine requirement of 
fry H. fossilis (Khan & Abidi 2011), no published 
information is available on dietary lysine require-
ments of lingerling H. fossilis hampering efforts in 
developing lysine-balanced practical feeds. In view 
of above, this study is aimed at determining opti-
mum dietary lysine requirement for optimizing 
growth, feed conversion, protein deposition and LD 
in lingerlings H. fossilis. 
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Materials and methods 
I'repanilion of experiment<il diets 
('asciii gchilin based isonilrogcnoiLS (38'Xi CPl and 
isocaloiic (14.7 k] g~' l)K) amino acid lest diets 
were rormulalcd. Iricrernciilal eonceiilrtitioiis ol' 
i-lysjnc were used to provide six levels of dietary 
lysine as !.5()"'i.. ].75"'li, 2.0%. 2.25%. 2,5()"n and 
'j.()"•;> ol' dry did (Table i ). t,-cryslalline amino 
acids were supplemented lo mimic the amino acid 
pattern ol' ?8'/i> whole chicken egg protein exclud-
ing the test amino acid lysine. Level of arginine in 
the diet fixed at 2.1,S"';,. reported optimum for tfiis 
fish iKhan & Abidi 2011). Diets were analysed for 
i,-lysine levels with the help of an automated 
Amino Acid Analy/er (Hitachi \,-HM)(). Tokyo. 
Japan) and the data of this analysis have been pro-
x'ided in Table 2. Levels of dietary lysine were 
adjusted on the basis of information available on 
other warmvvater catlish species (Fagbeiiro. Balo-
gun. Bello-Olusoji & I'asakin 1998). Diets were 
numbered as Dl. D2, D3, D4. D5 and D6. Experi-
mental diets contained 38% CP which was slightly 
lower than the 40'!'!i protein requirement reported 
by (Siddiqui & Khan 2009). This reduction was 
made lo ensure more ellicient utilization of the 
limiting amino acid (Wilson J 989: Zhou. Shao. 
Xu. Ma (i Xu 2010). Diets were inade isonitroge-
nous and isoenergetic by adjusting nonessential 
amino acid glycine and the dcxti-in. Method of 
preparalion of experimental diets was the same as 
detailed earlier (Abidi & Khan 2007). As physio-
logical fuel value for H. fossilis is not available, 
digestible energy content of the diets wtis calcu-
lated using the conversion factors 18.8. 12.5 and 
35.5 k] g" for protein, dextrin and lipid respec-
tively (Jauncey 1982). The final diet with bread 
dough consistency was poured into a teflon-coated 
pan, cut in the form of small cubes and stored at 
-20°C til! further use. To avoid nutrient leaching, 
all the diets were coated with casein and gelatin 
Table 1 liigredienr composition of experimental diets 
Ingredients {g 100 g ^ 
Casein' 
Gelatin 
Ammo acid mix* 
Dexirin 
Corn oil 
Cod livei oil 
Mineral mix''' 
Vitamin mix'" 
'(-Cellulose 
Carboxymethyl cellulose 
Total 
Total lysine 
Analysed lysine 
Analysed crude protein 
Digestible energy (kj g''' 
, dry diet 
, dry diet)' 
D l 
15 
5 
23.24 
32.69 
5,0 
2.0 
4 0 
3 0 
0.06 
10.0 
too 
1,5 
1,51 
37.98 
14.7 
D2 
15 
5 
23.24 
32,69 
5.0 
2.0 
4.0 
3,0 
0.07 
10.0 
100 
1.75 
1.77 
37.99 
14.7 
Diets 
03 
15 
5 
23,23 
32.71 
5.0 
2.0 
4.0 
3.0 
0.06 
10.0 
too 
2.0 
2.01 
38,0 
14.7 
D4 
15 
5 
23.22 
32.73 
5.0 
2.0 
4.0 
3.0 
0.05 
10.0 
100 
2.25 
2.27 
37.96 
14,7 
D5 
15 
5 
23,22 
32,73 
5.0 
2.0 
4.0 
3.0 
0,05 
10,0 
100 
2.5 
2.53 
37.99 
14.7 
06 
15 
5 
23.20 
32.76 
5.0 
2.0 
4.0 
3.0 
0.04 
10,0 
100 
3,0 
3.11 
37.97 
14.7 
"ilYiidc protein I76"(i). 
:^t'rut(e pruieiii fy6'!M. 
\\\inin(i acid mixture (g 1110 g ') arginine 1.20; hi.^lidiiie (i.iT; isoleucine 2.15: leueine I.S9; Iv.sine variable: methionine 1.03; 
ey.sliiie 0.85: phenylalanine 1.55: lynwine 0.04, threoinne 1.02: ii-yplophtm 0,45: valine: l.(i7; alanine 1.2 3: aspartie aeid 0.09: 
glulamie add 0,00: serine 0.00: pniiine 0.952: glyeiiie variable, 
%Vliiieral mixture (g 100 g ') ealeium biphosphate 13,57: calcium lactate 32.69: ferric eiirate 2.97: magnesium sulpliate 13.20; 
polassium pho.sphatc (dibasic) 2 3.')N: sodium biphosphate 8.72: sodium chloride 4.3 5: aluniinium eliloride-ftHiO 0.01 54: potassium 
iodide 0,015: cuprous chloride 0.010: inagnus sulphate-ll_,l,l O.OSO: cohull chloridc-(ilb,0 0,10: zinc sulptiale-7!l,U 0.40. 
Illialver (2002). 
^n'ilainin mivture diluted in alpha cellulose lo ! g 100 g ': inosiiul 0.20: ascorbic aciil 0,10: niacin 0,075: calcium panUitheiiale 
0,05: ribollavin 0,02: menadione 0,004: pyridoxine hydroc hloricle 0.005: Ihiamin hydrochloride 0.005: folic aeid 0.0015: biotin 
0,0005: Clioline chloride 0,5 g 100 g ': viuimin 1!,; 0,00001: vitamin E as a-iocopherol 0,04: Loba Chemie. India. 
'Digesiibic ciici-gy was calculated on the basis of physioiogiial fuel values 18.S. 12.5 ami 55.5 k] g"' lor protein, dextrin and lipid 
respcclively (lauiiccy 1982). 
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Table 2 Amimj add profile of the diets' 
Amino acid profile 
EAAs 
Arginjne' 
Histidine 
Isoieucine 
Leucine 
Lysine' 
Metliionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 
NEAAs 
Cystine 
Tyrosine 
Alanine 
Aspartic acid 
Glutamic acid 
Glycine 
Proline 
Serine 
Analysed amino acid 
of tine diets (% dry diet) 
2.15 
0.81 
3.09 
3.51 
Variable 
1.55 
2.35 
1.61 
0.59 
2.74 
0.95 
1,75 
2.15 
1.39 
2.61 
Variable 
3.22 
0.69 
ti:iclcrmiiu:d liy Ililaehi I.-8S00 .Autiiinalii: Amine Acid Ana-
lyzer. 
JArgiiiine cenleut of ihc diel.'^  was lived as per Khan and Abidi 
(2(111). 
ijVariable eniieeiiliatiens of dietary lysine eruiienl of erieli diet 
have been s;iven in Table i. 
circular polyvitiyl troughs (wafer volume 5,S L] fit-
ted with a continuous wafer flow-through 
fl-1.5 I, niin"') syslem. Fish were fed test diets in 
the form of serai-moisf cakes (24% inoisture) l;o 
apparei:! satiation twice daily at 08:01) and 
17:00 hours. Initial and weekly weights were 
recorded on a top-loading balance (Precisa 120A: 
0.1 nig sensitivity, Oerlikon Ad, Zurich. Switzer-
land), l-'ish were deprived of feed on the d:iy of 
weekl\' measurements. The feeding trial lasted for 
12 weeks (72 feeding days). Faecal matter, if any, 
wiis syphoned off before every feeding. The uncon-
sumed feed was collected soon after active feeding, 
dried and weighed to measure the actual amount of 
dry feed consumed for accuracy in FCR calculation. 
Water quality paraniclers 
Water quality parameters were recorded daily dur-
ing the feeding trial (APHA 1992), The average 
water temperature, dissolved oxygen, free carbon 
dioxide, pll and total alkalinity based on daily 
measurements were 27.5 •-28°C, 6,7 7,1 mg f/"', 
.5,5-10,7 mg L"'. 7.5-7.S and 65.7-80.5 iiig 
L ' respectively. A daily phoioperiod of 12 h L: 
12 h U was maintained. 
and ihen bound with substantial amouni of car-
boxymcthylcellulose. This contributed to substan-
tially high wafer stability of the diets in this study 
and the amino acid lest diets thus prepared were 
found lo be 97"'f) wafer stable. 
Experimenlal design and feeding (rial 
Induced bred tingerling H. jossilis were obtained 
from the departmental fish hatchery (Fish Breeding 
and Rearing Facility, Department of Zoology. 
Aligarh Muslim University, Aligarh. India). These 
were transfen-ed to the wet laboratory. gi\'en a pro-
phylactic dip in KMn().4 solution it: 5000) and 
Slocked in indoor circular aqua-blue coloured, plas-
tic lined (Plastic Crafts Corp. Mumbai. India) lish 
lank (1.22 ni x 0.91 m x 0.91 m: water volume 
M)0 L) for lihoui a week. During this period, the 
lish were acclimated to a casein-gelatin based 
(38% CP) H-440 diet (Halver 2002). Fingerling 
H, fossilis (10,30 = 0.17 cm: 6.96 i 0.05 g) were 
taken from the above-acclimated lish lot and 
stocked at the rale of 12 lish per trough for each 
dietary irealmeni level in Iriplicaie groups in 70-h 
Chemical analyses 
Proximate composition of casein, gelatin, experi-
menlal diets, and initial and linal carcass composi-
tion was estimated using standard methods (AO.AC 
1995) for dry matter (oven drying at 105 ± \°C 
for 22 h). crude protein. (Kiellec Tecator TM Tech-
nology 2300. Hoganiis. Sweden), crude fat (sol-
vent extraction with petroleum ether B.P. 40-
60°C for 2-4 h using Socs Plus equipment, SCS 4, 
Chennai, India) and ash (oven incineration at 
650''C for 2-3 h using Muffle Furnace. S,,\4. Scien-
titic Instrument (p) Jindal Company, India). Amino 
acid analysis of casein, gelatin, experimental diets, 
and ihc initial and linal carcass samples was doni; 
by hydrolyzing 0.3 ing sample in 1 ml of 6 N IICI 
for about 22 h. The sample thus obtained was 
diluted in 0.02 N HCl and injected in an auto-
malic Amino Acid Analyzer (Ililaciii L-880()i. 
Ilecovery hydrolysis was performed in 4 .N me-
ihanesulfonic acid for the analysis of tryptophan 
and in pcrformic acid for !hc recovery of sulphur 
amino acids. Six subsamples of a pooled sample of 
30 lish were analysed for initial body composition. 
Three lish per (rough (n = 3 x 3 ) were weighed 
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individually and bod^ -' Iciigih was measured, llic 
liver and viscera were weighed for the calculation 
ol' condition factor (Cl'l, hcpatosomalic (IISI) and 
viscerosomatic index (V'Sl). At the end of the 
cxpcrimcni. six specimens from each replicate of 
dietary ti'calments vverc pooled separately and 
three subsamples of each rcplicale from the pooled 
sample (n = 3 x 3) were analysed for final carcass 
composition. 
Data analysis 
(iroivlh performance of ihc )i. jossilis in response 
to varying levels of analysed dietary lysine was 
measured as a function of vveighi gain by calcuial-
ing following parameters: 
AVVO Ig fish" ') = fn body vvl (g)-in body wl (gi 
FCR - dry feed fed (gl/wct weight gain (g) 
l^roicin deposition (I'D: g lisir^) = protein gain/ 
pro(c/n intake 
Lysine deposition (LD: g fish"') lysine gain/ 
lysine led 
llepatosomatic index (f-J.SI: ",{,) - liver weighl 
(gl/body weight (g) x 10(1 
Viscerosomatic index iVSI: %) - viscera weight 
(g)/body vveighi ig) x 100 
Condition factor \CV: g Icni') ') = body weight 
(gl/hodv length (cm)^ x 100 
Staiisticiii analyses 
The growth data were subjected to analysis of var-
iance (Snedecor c^- Cochran 1968: Sokal & Rohlf 
198.1). Broken-line (Robbins. Norton & Baker 
1979) as well as the second-degree polynomial 
regression analyses (Shearer 2000) have been uti-
lized in this study to determine dietary lysine 
requirement of Singtii. The equations etnployed for 
the respective mHtheiTial:ical models were 
V (I + bX aitd V iiX~ + bX + r, lite dietary 
lysine requirement was determined al the point at 
which the maximunt slope of the curve was 
reduced by 95% (Dias, Arzel, Aguirre, Corraze & 
Kaushik 2003). Statistical analysis was done using 
Origin (version 6.1: Origin Software. San Cle-
mcnte. CA. VSA). 
Results 
C.rowth performance 
Excellent performance in terms of absolute weight 
gain (AWG: g fish '). feed conversion ratio (FCR). 
protein deposition (PI): g fish"') and LD (g tish"') 
were observed for tlie groups fed dietary lysine at 
2.01% and 2.27':-,, of the diet (Table 3). The above 
response criteria when subjected to broken-line 
regression analysis, exhibited the lysine require-
meni at 2.0%, 1.98"-;,. 2.01% and 2.03"^ dry diets, 
corresponding to ,S.26'!'o, .5.2rXi. .S.28% and 
5.34% protein (Figs 1 and 2). The linear eqttations 
employed to establish the relation.ship were: Li 
V - -81.02985 + 70.14925A': X < 1.98%. if' -
0.996. L. V - 79.76249 - 9.7833X: X> 1.98% 
i.AWG g fish '): L,. V = 10.70144 - 4.6322X: X < 
2.0%. R - - 0 . 9 7 2 . L.; V =• 0.97586-t 0.29J99X: 
Tiiblc 3 Growth, feed conversion, protein and lysine deposition of lingerliiig IleU'ropnvmws fossilis 
Initial wt, (g)'* 
Final wt. (g)'• 
AWG • 
FCR'-
F!" 
PD g fish ' " 
LDg l ish" '*-
HSI'" 
VS!'-
CF'* 
1.51 (D l ) 
6.97 J 0.81 
30.97^ 1.07 
24 -t 3 
3.9 . 0.3 
93.4 ,: 0.2 
0.10 . 0.05 
0.41 -.:: 0.3 
1 .2 *0 .1 
1.7 •; 0.2 
1.3 1:0.3 
Analysed dietary lysine 
1.77 {D2) 
6.96 J. 0.99 
51.96 :r 2,1 
45 t 7 
2.1 i 0 4 
96.4 . - 0 6 
0.20 •! 0,04 
0.59 ± 0.6 
1 .2 J: 0.3 
1.7 i 0.1 
1.6 ±0 .1 
2.01 (D3) 
6.98 .1 0,82 
65.98 I 1.02 
59 :, 7 
16 1 0.1 
98.9 * 0.7 
0,29 > 0,07 
0,81 + 0,3 
1.1 -i-0.2 
1,7 •' 0,3 
1,9 - 0 . 2 
levels (g lOOg ' 
2.27 (D4) 
6.95 -: 0,93 
65.95 X 1,1 
59 . 3 
1,6 1-0.4 
99.2 T 0.1 
0.28 :- 0,03 
0.80 r 0.1 
1.1 t 0,1 
1,7 + 0,1 
1,9 ± 0 . 1 
dry diet) 
2.53 (D5) 
6.96 -, 0,62 
61,96 ± 1,02 
55 1 5 
1.7 ±0 .1 
98.7 X 0.7 
0.27 -: 0.05 
0 .75x0 .1 
1.20 + 0.3 
1.7 ± 0.3 
1,9 ±0 .2 
3.11(D6) 
6,98 i 0.91 
55,98 :n 2,1 
49 •• 9 
1,9 ± 0,1 
94,6 ± 0.5 
0.26 t- 0.02 
0.70 i 0.1 
1.2 ± 0.2 
1.7 . 0 . 1 
1.7 ±0.3 
t.Vti-in values (ifllirec replictiles + SI-'M, 
t.AWG g l l s i r ' . alisolutu vveiiihl ;4ain: I'CR. leeil conversiiin ratin: I'l. a feed ted dry liusis: i'l) g l i s i r ' . I'rolein dcposiiion: U) 
i lisii ' Jvsine deposition: llepatosomatic index i'll.SI: %1 ^ i(K) x (liver vveighi g/vrliole Iwdi' weight g); Vi.seerosomatie index (V.SI: 
'%! - 100 X iviseera weiglil g/whole l)ody weight g): condition laelor (CF g ( e m ' ) ' ) - 10(1 x (t)ody ivcighl g)/it)ody k-ngih eni)"'; 
SK'H. == per cent siu-vival 
3011 l^lackwell Pnlilishing hid. Aqumidtwi' Ramrc b. 44. li 533 
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r = 59.64 3 flsh ' 
3.7 
:.7 « 
-•1.7-0 
1.2.5 1..50 i,75 2,00 2.25 2,50 2.75 3,00 3,25 3..50 
Analyzed dietary L-ly&ine levels (9 10Og ' dry diet} 
Figure 1 Broken-line regression .malyses of absolute 
vvcighl gain IAVVCJ: g lish^'l and feed conversion ratio 
(FCRl agains'l varying levels of dielary lysine. Each 
point represents the mean of triplicate grcmps of lisli 
[u - 3 x j). 
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\ Stfi/are; ^WG 
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• 
" 
. 
-
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., 
• -
• -
. • 
.-
•4.0 « 
2.0 
1,0 1.5 2.0 2.5 3.0 3.5 4.0 
Analyied dietary L-lysme levels (g IQOg'^ dry diet) 
I'igiire i Second-dcgrc(; polynomial regression analy-
ses ol' absolute weight gain lAWC: g fish' ') and feed 
conversion ratio (FCR) against varying levels of dielary 
lysine. Each point represents the mean of triplicate 
groups of llsh III = 3 X 3), 
14 I 0 l.S 2.0 2.2 2 4 2.6 2.S 3.0 3.2 
Analyzed dietary L-lysine levels (g 100g'^ dry diet) 
Figure 2 Broken-line regression analyses of protein 
(lei)osition lI'O g l i sh ' ) and lysine depo,silion (LI) 
g iish"') agiiinst varying levels of dietar}' lysine, liach 
point represents the mean of triplicate groups of fish 
X •> 2.0% IFCR): L,: Y = -().47.!S1 • ()..',8()()fiX: 
X<2.0 ]%, K-- 0.994. Li- V 0..W1441 -
0.02679X; .V > 2.0.1% (I'D g llsh' ') and L,: 
Y - -0.8047 -r I0.7985X: X < 2.(]V%. R- -
0.997. h,: V - 1.02703 -- 0.10566X; X > 2.03% 
(LD g fish '), respectively. 
However, the sccond-dcgi'ce pol3'nomiiil regres-
sioii analysis of the above data at 9.S"'f, maxirtiuiTi 
response; projected that these response variables 
were best allained at 2.19"';., 2.29';(,, 2,26"'!i and 
2.29% lysine of the dry diet, corresponding to 
5.7f:i';'n. 6.03','';.. 5.95'};. tmd 6.0.5'};, protein (Figs 3 
and 4). The second-order regression equations 
14 1.6 1.8 2.0 2.2 2 4 2.6 2.8 3.0 3.2 
Analyzed dietary L-lysine levels (g 100 g'^ dry diet) 
Figure 4 .Second-degree polynomial regression analy-
ses of protein deposition (PD g fish"^) and lysine dejjo-
silion fl.f) glish^') against varying levels of dietary 
lysine, liich point represents the mean of triplicate 
grou|)S of lisli In = 3 X 3l. 
employed l.o calculate the respective response 
variables were Vqs-s.mM.v 35.83895X" 
177.94078X - 1 S 9 . 7 2 . R^  = 0.897 I'or AWC: 
g iish^': 'i'95';(,„u,x -" 2,14627X^ - 10.87737X + 
15.02331. K- = 0.846 for FCR: K„x,„.x'= 
-16.94278X^ + 86.67341 X - 80.71689. R- -
0.888 for PU: g iish"' and Y95%„,.,v ~= 
-39.14691X- r 196..51741X- 164.4236. K" = 
0.882 for LU; g fish"', respectively. 
Bused on the above mathematical analyses, 
lysine requirement of fingerling H. fossilis ranged 
between 2.0% to 2.3')(> of the dry diet, correspond-
ing 10 5.3-6.1% protein. 
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'J'able 4 Body composition ol' lingerling He.lcroptmislcs fossilis 
Analysed dietary lysine levels (g lOOg ' dry diet) 
(g 100 g ' wet weight) Initial 1.51 (D1) 1.77 (02) 2.01 (D3) 2.27 (D4) 2.53 (05) 3.11 (D6) 
Moisture^ 
Protein' 
Fat' 
Ash' 
72.8 i 0.2 72.9 i 0.4 73,1 ± 0.7 74.2 i 0.3 
12.1 r 0.5 14.2 :t 0.1 15.9^0.3 17.9 + 0.7 
8.7 I 0.4 7.4 + 0.5 6.1 v 0.4 4.6 i- 0.4 
4.2 i 0.1 3.9 10.4 3.9 .L 0.6 3.3 .t 0.4 
74.9.1-0.2 75.110.2 76.3 i 0.3 
17.2 + 0.5 16.9 + 0.5 16.7 + 0.3 
4.1 + 0.2 4.0 + 0.5 3.8 + 0.2 
3.3 + 0.5 3.3 + 0.4 3.1 +0.5 
fMeim vaiue oi'llircc replicates + .SI-.M fii - 3 v 31. 
Somatic indices (FISI, VSl. CFl 
J'ish receiving dietary lysine at 1.5r,'-o of (he diet 
evhibiled maximum value Ibi hepaiosumalic inde.v 
(HSIl, It decreased with the increase in the dietary 
lysine content up to 2.01'Jl. of the diet and 
remained almost unchanged for the groups receiv-
ing dietary lysine ai 2.27% of the diet. Moreover, 
il increased further in lish led diets with still 
higher levels of dietary lysine at 2.5:5"i) and i..ir!'i) 
of the diet. Similarly, condition factor (Cf) was 
iou'est (I.J) in fish fed LSrii. dietary lysine which 
unproved considerably with the increase in dietary 
lysine up to 2.01% of the diet. The CF did not 
improve at 2.27"/;) lysine in diet. However, it 
tleclined for the groups receiving dietary lysine at 
2Sy'/i: atid 3.].]"'<',. VSl remained almost unaltered 
among the treatments (Table 5). 
('arcass compo.sition 
Viirying levels of dietary lysine had considerable 
inlluence on carcass composition (Table 41. .A cor-
responding increase in carcass protein contcni was 
noted which peaked at a dielary lysine of 2.{)]';ii 
of the diel. Body moisture content showed a posi-
tive correlafion with the increase in dielary lysine 
levels while fat conlent was negatively correlated 
with it. Body ash conlent decreased with increase 
in dietary ly,sine levels up to 2.()l"';i of the diet 
beyond which no substantial differences in ash 
content of lish were evident. 
Discussion 
The growth perf{)rmance in terms of AVVd: 
g lish"', FCR. PI): g fish"' and LU: g lish' ' of tin-
gerling H. fossilis reached a plateau for the groups 
receiving lysine from 2.01"'o to 2.27"'d of the dry 
diet and then slightly decreased in response to 
feeding excess dielarv lysine (.^ .1 1%). The above 
dala were subjectetl to regression analysis as it is 
generally accepted as a preferred statistical tool to 
determine the dietary nutrient requirement in dose 
-response feeding experiments. Despite being 
widely used in numerous requirement studies, bro-
ken-line regression analysis frequently underesti-
mates the requirement (Shearer 2000; 
Hncarnacao. de Lange, Rodehutscord. Iloehler, 
Bttreau & Bureau 2004). Therefore, we have 
applied both broken-line and tlie polynomial 
regression models ic; estimate the dietary lysine 
requirement of lingcrling U. fossilis. However, 
instead of taking maximum response in second-
degree polynomial regression anttlysis. we have 
taken 95"';; of the maximal quadratic plateau 
(Baker 1986) to determine the dietary lysine 
requirement of lingcrling H. fossilis. 
The broken-line and second-degree polynomial 
lilting of growth, feed conversion, protein and LD 
against analysed dietary lysine levels ranged 
between 2.0'X lo 2.3'.;;, of the dry diet. T'he 
dilTcrence in lysine requirements by the two 
models being 1.98-2.03% for broken-line and 
2.19-2.29"i> for polynomial respectively. The 
lysine requirement deiermined in this study is 
almost similar that reported for rainbow trout, 
Oiworluimlius luiikiss 2.1%. 1.9'!';.. 1.9"-;,. 2.1()"';,. 
1.74-2.2.3"-;. and 2.0% (Ogino 19S0; \A''altou. 
Cowey & Adron 1984: Walton. Cowey. Coloso & 
Adron 1986; l.anari, Tibaidi, Ballestrazzi, Tulli & 
Ministerio dell' Agricoltura e Foreste 1991: Encar-
nagao et nl. 2004 and Bodin. Tran, Detavernier, 
De Saeger. Larondelle & Rollin 2006). Striped bass. 
Mnrime saxiiiilis 2.\% (Small & Soares 2000). Afri-
can catfish. Clarias tiariepinus 2.:i% (Fagbcnro et al. 
1998). Red sea bream. Pagnis major 2.]5% (For-
ster & Ogata 1998). Atlantic salmon, Siiliiio salar 
2.39'X. (Rollin. Mambrini. Abboudi. Larondelle & 
Kaushik 2003), gilthead seabreain. Spams iiurala 
2.15% (Marcouli. Alexis & Andriopoulou 2006). 
Pacific threadlin. PoliidacLijliiS scxjilis 1.79'i;. (Deng, 
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Doiniiiy. Ju, Koshio. Murashigc & Wilson 2010), 
considerably lower thau the requirement lor rain-
bow- iroLii. 0. miikiss 2.S7% and 2.77';<) (Kcloia 
.1983; Kodehntscord. Becker, Pack & PfclTer 
199/1, grouper. Epiuephdus coioides 2.8% (Luo 
I'.t III 2{)()6). Japanese sea bass. JMeohbrax japoni-
cus 2,49-2.61'!!, (Mai el al. 2006), Large yellow 
croaker, Pscudosciiieria crocai 2.5"'u (Zliang, Ai, 
Mai. Tan. IJ & Zhang 2008). black sea bream, 
Spams nuirmccphahts 'j.Vl'n (7.\wu el al. 2010) and 
slightly higher than Ihc requircmenl reported for 
Charmci calilsh. Icudiirus pnitcliilus l.S'I'o (Robin-
son, Wilson & Foe 1980), fiybrid siriped bass. 
.\1oroiu' snxntilis x M. chnjsops l,4'!i, (Griffin, 
Brown & Cranl 1992), rainbow trout, (.), oii/ki.ss 
1.3%, 1.75%. and 1.7% (Kim ci id. J992: Pfelier. 
AkSabty <& llaverkamp ]992; Bodin. (kjvaerts, Ab-
boudi. Dctavcriiicr, lie Sacger, Larondelle & Rollin 
2009), yeilovvlaiL Seriola iiuiiuiidradiaui 1,66% of 
Ihc dry diet (Ruchiinat, Vhisumolo, H(),s()kawa. 
Iioh & Shimeno 1997). 
Depressed growth and lower Iced conversion 
were more commonly noted in H. fossdis receiving 
dietary lysine below and above 2.01% dry diet. 
Studies by Hah'er. Delong and Mcrtz (1958) and 
Dupree and Halver (1970) also demonstraied thai 
lysine-dellcient diets when fed lo chin(K)k salmon 
and channel cattish caused poor groivih. In this 
study, weiglil gain increased with increase in 
lysine up to 2.01% of the dry diet, remained 
almost unaltered ai next higlier level (2.27"'o). 
I'urther inclusion of dietary lysine at 2.53'!'o and 
)..l:l"o resulted in growth retardation. Reduction 
in grow,lh al higher levels of dietary lysine 12.53% 
and >.lJ'm) could not be aiiribuied tfi the toxicity 
of excessive dietarv lysine as this amino acid has 
been considered lo be least toxic amino acid (Sau-
berlich 1961), Albeit, this growth depression was 
probably due lo (he reduction ili feed intake at 
deficient or excess iLSl"';. and j.Jl'):,) of dietary 
lysine. All the amino acid test diets were com-
pletely consumed by the fish excepting for the 
groups fed diets containing J.5r''o and 3.11% 
lysine where comparatively lower feed intake vvas 
noted. It has been reported tlial deficiencies or 
excesses of amino acids may decrease the diet's 
palatabilily (Murthy c^  Varghese 1998: De la 
Higucra 2001). which may be the reasons for the 
reduction in feed intake in fish fed at 1.51% and 
3.11% lysine of the dry diet. 
Significant differences in carcass composilion of 
lingerling H. inssilis were noted m response to 
varying dietary lysine levels. Fish fed with 2.0]% 
lysine of the dry diet showed considerably higher 
carcass protein compared to tliose fed on lower 
levels of lysine al 1.51 "'I. and ,1.77% of the diet. 
This trend of increase in protein deposition and 
muscle gain, and reduction in carcass fat in 
res]50nse to required dietary lysine intake has also 
been reported for various other cultivable fish spe-
cies (Luo c.t al. 2006). Highest whole body fat was 
noted in lish fed lowest level of lysine al 1.51"ii of 
the diet which was found to decrease with increas-
ing dietary lysine levels. Similar pattern of body fat 
has also been reporled in rainbow trout, 0. nu.ikiss 
(Rodehutscord. Borchert. Gregus. Pack & Pl'effer 
2000), juvenile grouper. I;, coioides (Luo in id. 
2006), rohu. Laheo whita (Keshavanalh & Renuka 
1998). Atlantic salmon, S. sidar (|i. Bradley & 
Tremhlay 1996). black sea bream. S. nificroccpiia/iis 
(Ma. Xu, Shao. Xu. Hung. Hu & Zhuo 2007) and 
chaiinei catfish, /, pwiclalus (Robinson 1991: 
Munsiri c^  Lovell 199 3), Lysine is active in pi-o-
moling the transport of long-chain fatty acids 
across ihe inner mitochondrial membrane, result-
ing in extra energy from f3-oxidation (Tanphai-
chilr. Home & Broquist 1971). However, dietary 
lysine deficiency suppresses the oxidation of these 
fally acids, thereby increasing their availability or 
estcrilication to triacylglycerol and deposition in 
the various lipid storage tissues. Therefore, fish fed 
lowest level of dietary lysine accumulated highest 
body fat. Lxcess dietary lysine promotes p-oxida-
lion resulting in depiction of body fat and hence 
witli lli(^  increase in dietary lysine levels, decreases 
body fat as evidenl m this study is possible. The 
decreased lysine retention at surfeit levels of die-
tary lysine might also develop due to diminishing 
returns in a dose response approach in whicli el'ti-
ciency decreases as the growth response 
approaches the maximum fPinke. DeFoliarl & 
Benevenga 1987: Gahl. Finke. Crenshaw & Bene-
venga 1991). 
Fish led lowest level of lysine at 1.51% of the 
diet had highest value for 11SI"^ . An increased 1I8I 
'!(, was also observed when Atlantic salmon was 
fed too low levels of lysine (Lspe. Lemmc. Pein & 
Fl-Mowali 2007) or methionine (Fspe, Hevroy, Lia-
sei. Lerame c^- El-Mowafi 2008). This negative cor-
relation between HSl and dietary lysine 
concentrations was also re]X.)rtcd for European sea 
bass (Tibaldi. Tulli c^  Lanari 1994) and gilthcad 
,sea bi-eam (Marcouli d al. 2006). Probably due to 
deficiencies of dietary lysine for protein synthesis 
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in lish led diets vvilii lower levels of dietary lysine 
at 1.51% tiiid 1.77% of dry diet, the diettiry timino 
acids used to deposit inu.sele protein miglii lia\'e 
been converted to the lipid or glycogen storage, 
and they consequently might have contributed to 
the decrease in CF and increase in HSr%. .Some 
reports htive also suggested that the liver lipid con-
tent of fish was negatively correlated with dietary 
lysine levels (Luo et al. 2()tJ('r Zhou et al. 2U10I. 
In this study as well. 11. fossili.s fed low dietary 
lysine deficient diets tended to have higher liver 
lipid content resultuig lo higher ilSl% value, flow-
ei'er. VSf showed almost no change in response lo 
varying levels of dietary lysine. 
•Since pi'otein deposition or Li) is considered as 
the best response criteria for amino acid re(|uirc-
itient studies in aquatic as well as terrestrial ani-
mals iCho 1992: Morris. Gous & Fisher 19991, the 
dietary lysine requirement in this study is also 
based on the mathemalicai analyses of protein 
deposition and Lf) data, l^rotein dc'position 
decreased in fingerling /I. Jossilis fed at lower levels 
of lysine (I..5!";', ;md 1.77% of the diet), which is 
similar to llie results reported for turboi by i'eres 
and Oliva-Teles l20t)81 who also pointed out thai 
lysine deflficncy limited protein synthesis. I^rotein 
deposition increased in response lo increase in the 
dietary lysine levels and a plateau was attained in 
lish fed super-optimum level of lysine (>2.()l"'o) al 
2,27"i'i of the dry dicl. Lysine deposition of finger-
ling H. fossilis was also affected by dietary lysine 
levels and maximum LI) (0.80 g lish ') was 
recorded at 1.01% lysine of the di"y diet which 
remained almost unchanged for tlie groups receix'-
ing dietary lysine al 2.27'K.. whereas 11) declined 
appreciably beyond this lor the groups led 2.5:)"l. 
and ^.\]% lysine of the dry diet. This lias also 
been reported in rainbow trout (Rodetiutscord 
(•ill). 1997; Encarnacao cinl 2004'). Diminished 
11) with increase in dietary lysine levels is indeed 
expected due lo a reduclion in lysine absorplion 
rale or increased iTielabolic utilization oi' both. 
This mtiy also be the reason for the reduction in 
1,1) in fingerling H. fossilis fed at excess dielar}' 
lysine (.5.11% of the dry diet). 
Based on the mathemalicai analy.ses of .AVVC. 
g l i s h ~ \ FCR. I T ; g l i s h " ' and LD g lish""' data, 
lysine requirement of fingerling H. fossilis is recom-
mended 1(1 range between 2.0';;. to 2.i% of the dry 
diet. Information generated in I his study would be 
tiseftii in developing lysine-balanced. least-cost did 
formulations for H. /i«silis. 
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Response of fingerling stinging catfish, Heteropneustes 
fossilis (Bloch) to varying levels of dietary L-leucine in 
relation to growth, feed conversion, protein utilization, 
leucine retention and blood parameters 
02222, FARHAT & M.A. KHAN 
Fish Nutrition Research Laboratory, Department of Zoology, Aligarh Muslim University, Aligarh, Ultar Pradesh, India 
Abstract 
Growth response of fingerling Heteropneustes fossilis 
(6.8 ± 0.2 g; 11.2 ± 0.3 cm) to dietary L-leucine levels was 
assessed by conducting 8-week feeding trial in a flow-
through system (1-1.5 L min"') at 28 °C water tempera-
ture. Casein-gelatin-based isonitrogenous (380 g kg"'; 
crude protein) and isoenergetic [17.9 MJ kg"'; gross energy 
(GE)] basal diet was supplemented with different levels of 
L-leucine to achieve desired leucine levels ranging between 
10 and 22.5 g kg"' dry diet. Analysed values were 9.9 
(Lc,.,), 12.4 (Lc,2.4), 15.1 (Lc,5.,), 17.4 (Lcn.4), 20.1 (LC20.,) 
and 22.4 (LC22.4) g leucine kg"' diet. Fishes were stocked 
randomly in quadruplicates and fed to satiation at 07:00 
and 17:30 h. Maximum absolute weight gain (AWG g 
fish"'), feed conversion ratio (FCR), protein utilization effi-
ciency (PUE%), leucine retention efficiency (LRE%) and 
haematological parameters were found in fish fed diet 
LC174. For precise determination of dietary leucine require-
ment of Singhi, AWG g fish"', FCR, PUE% and LRE% 
were subjected to broken-line and second-degree polynomial 
regression analysis. Second-degree polynomial regression 
analysis fitted the data more accurately (P > 0.05) exhibit-
ing high R^ values. Hence, based on this analysis, dietary 
leucine requirement of fingerling H. fossilis is recommended 
to be 16.5 g kg"' of the diet, corresponding to 43.4 g kg"' 
protein for developing leucine-balanced commercial feeds. 
KEYWORDS: fingerling Singhi, growth, haematological 
parameters, leucine retention, protein utilization 
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Introduction 
In fish culture, provision of nutritionally balanced feeds 
plays an important role in the maintenance of a healthy 
and marketable product. Quantitative essential amino acid 
requirement values are important for the formulation of 
cost-effective and quality fish feeds (Alam et al. 2002). All 
fish species studied to date have been shown to require ten 
essential amino acids in the diet for maximum growth 
(Wilson 2002). However, the requirements of all the ten 
essential amino acids are known only for a limited number 
of fish species (NRC 2011). Dietary deficiency of essential 
amino acids may cause reduced growth and poor feed con-
version in fishes (Wilson & Halver 1986). Therefore, satis-
fying the essential amino acid requirements of a species is 
very important so that amino acid-balanced, quality pro-
tein fish feeds could be prepared. Diets in which essential 
amino acid and protein levels meet but do not exceed 
requirement are key factors to improve protein utilization 
for growth, therefore, reducing nitrogen waste (Peres & 
Oliva-Teles 2008). H 
Of all the ten essential amino acids, branched-chain 
amino acids account for 35-40% of the dietary indispens- 0 
able amino acids in body protein and 44% of the total 
amino acids in skeletal muscle (Ferrando el al. 1995). They 
influence the brain functions by modifying large neutral 
amino acid transport at the blood-brain barrier (Fernstrom 
2005). Of these, leucine holds a special place in animal's 
diet. It stimulates protein synthesis in skeletal muscles by 
enhancing translation initiation (Anthony et al. 2000a,b; 
Dardevet et al. 2000; Greiwe et al. 2001), inhibits whole-
body protein degradation in vivo (Frexes-Steed et al. 1992) 
and skeletal muscle proteolysis in vitro (Buse & Reid 1975; 
Fulks et al. 1975; Tischler et al. 1982). This amino acid 
also acts as a nutrient signal which regulates protein 
© 2013 Blackwell Publishing Ltd 
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synthesis in adipocytes as well as in other cells through 
insulin-independent mechanisms (Lynch et al. 2002). 
Despite its versatile roles in fish body, only few reports on 
leucine requirement for cultivable fish species are available 
(Kaushik el al. 1988; Forster & Ogata 1998; Abidi & Khan 
2007; Li e/a/. 2010). 
Heteropneusies fossilis, commonly known as Singhi, is 
one of the most important fish species for aquaculture in 
the Indian subcontinent and Southeast Asian region 
(Puvaneswari et al. 2009). It represents the species of choice 
due io its nutritionally superior delicious meat which is 
appreciably high in protein and iron and low in fat con-
tent (Bhatt 1968). It has high growth rate, significant tol-
erance to environmental stress, ease of reproduction and 
high market demand. Its escalating market demand has 
prompted the development of its mtensive aquaculture. 
Hence, there is a need to develop cost-effective diet for 
the intensive culture of this fish. Despite its high nutri-
tional significance, little information is available on its 
nutrient requirement (Singh & Srivastava 1984; Akand 
et al. 1991; Jhingran 1991; Anwar & Jafri 1992; Mohamed 
2001; Firdaus et al. 2002; Usmani & Jafri 2002; Siddiqui 
B& Khan 2009; Khan & Abidi 2010, 2011a,b). Except for 
lysin* and-arginine (Farhat & Khan 2^4, 2012), no infor-
mation is yet available on other essential amino acid 
requirements of fingerling H. fossilis and information on 
dietary leucine requirement of fingerling Singhi is totally 
lacking. 
Quantitative essential amino acid requirements have 
been mostly established by dose-response studies and are 
generally based on animal growth or nitrogen retention 
response to increasing levels of the dietary essential amino 
acid under study (Shearer 2000; Wilson 2003). In this 
study, the efTects of feeding various concentrations of leu-
cine on growth, feed conversion ratio (FCR), protein utili-
zation efficiency (PUE%) and leucine retention efficiency 
(LRE%) were evaluated. A number of studies have shown 
that differences in blood cell formation and function can 
also be an indicative of dietary manipulations (Poston 
1964; Barnhart 1969; t«Rayi^ et al. 1986; Jarboe et al. 
1989; Greene & Selivonchick 1990; Duncan et al. 1993; 
Wise et al. 1993). Measures of haematocrit value and 
osmotic fragility allow evaluating the physiological state of 
the erythrocyte, and the erythrocyte counts are used as 
indicators of haematopoiesis. Therefore, in present study, 
besides evaluating the effect of various concentrations of 
dietary L-leucine on growth, FCR, PUE% and LRE%, 
effects on selected haematological parameters were also 
evaluated. 
Materials and methods 
Preparation of amino acid test diets 
Six isonitrogenous [380 g kg' ' crude protein (CP)] and iso-
caloric [17.9 MJ kg' ' GE, 15.3 MJ kg"' digestible energy 
(DE)] amino acid test diets were prepared by supplement-
ing various concentration of L-leucine to casein (vitamin 
and fat-free)-gelatin-based basal diet. Casein and gelatin 
provided a total of 9.6 g leucine kg~' of dry diet. Ingredi-
ents used to prepare the basal diet have been given in 
Table 1. To accentuate the utilization of the limiting amino 
Table 1 Ingredients used in basal diet Q 
Ingredients (g kg-') 
Casein' (Loba Chemie, Mumbai, India) 
Gelatin^ (Loba Chemie, Mumbai, India) 
Amino acid mix' (Loba Chemie, Mumbai, India) 
Corn oil (Adani Wilmar Ltd.) 
Cod liver oil (SevenSeas Ltd., Hull, UK) 
Mineral mix*'' (Loba Chemie, Mumbai, India) 
Vitamin mix"-* (Loba Chemie, Mumbai, India) 
90 
30 
182.2 
50 
20 
40 
30 
Carboxymethyl cellulose (Loba Chemie, Mumbai, India) 100 
Total leucine (g kg"' dry diet)' 9.6 
Total glycine (g kg 'dry diet)* 9.2 
' Crude Protein (760 g kg^'). 
^ Crude Protein (960 g kg"'). 
' Per kilogram of L-crystalline amino acid premix composition of 
diet LC9.9 to LC22.4 was (g kg" ' dry diet): arginine 18; histidine 5.4; 
isoleucine 25; leucine 0.4, 2.9, 5.4, 7.9, 10.4, 12.9; lysine 19; methi-
onine 12.4; cystine 8.7; phenylalanine 19; tyrosine 12, threonine 
12.7; tryptophan 4.9; valine 21; alanine 16.1; aspartic acid 5.7; 
glutamic acid 4.9; serine 2.1; proline 18. Each mixture was made 
isonitrogenous with the addition of reduced amounts of glycine 
84.5, 83.07, 81.6, 80.2, 78.7, 77.3 g kg ' ' dry diet and compen-
sated with appropriate amounts of a-cellulose (0.18, 0.0, 1.28, 
1.88, 2.38 and 2.95 g kg" ' diet). Dextrin-white (Loba Chemie, 
Mumbai, India) used in the diets was 365.4, 363.8, 362.6, 360.5, 
358.9, 359.1 g kg"' diet, respectively. 
" Halver (2002). 
' Mineral mixture (g kg"') calcium biphosphate (CaHAOgPj) 435^7: 
calcium lactate ((CH3CH(OH)COO]2Ca) 326,9; ferric citrate 29J :^ 
magnesium sulphate (MgS04.7H20) 432,0: potassium phosphate 
(dibasic) 239,8; sodium biphosphate 87,2; sodium chloride (NaCI) 
43T5: aluminium chloride. 6HjO 0.154; potassium iodide 0,45: cup-
ric chloride 040; manganese sulphate monohydrate (MnS04H20) 
0,S0; cobalt chloride. 6H2O 4^ ; zinc sulphate heptahydrate 
(2nS04-7H20) 4,0; Loba Chemie, Mumbai, India. 
* Vitamin mixture 3 g kg" ' (A-kq vitamin mix + Z-kg oe-cellulose) 
choline chloride 5.0; inositol 2.0; ascorbic acid (L-ascorbyl-2-poly-
phosphate) 1.0; nicotinic acid 0.75; calcium pantothenate 0.5; 
riboflavin 0.2; menadione 0.04; pyridoxine hydrochloride 0.05; 
thiamin hydrochloride 0.05; folic acid 0.015; biotin 0.005; alpha-
tocopheryl acetate 0.4; vitamin 6,2 0.0001; Loba Chemie, Mum-
bai, India. 
' L-leucine supplied by the intact protein sources (casein-gelatin). 
' Glycine contributed by the intact protein sources (casein-gela-
tin). 
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acids from the diet (Wilson 2002), dietary protein level was 
fixed at 380 g kg"', slightly lower than that worked out by 
Siddiqui and Khan (400 g kg"', 2009). Crystalline L-amino 
acids were added to the intact protein sources to simulate 
the amino acid profile of the experimental diets to that of 
380 g kg"' whole chicken egg protein excepting the test 
amino acid leucine which was added to above amino acid 
mixture to provide the calculated values as 10, 12.5, 15, 
17.5, 20 and 22.5 g leucine kg"' dry diets. Levels of dietary 
leucine were adjusted on the basis of information available 
on other warmwater catfish species (Wilson et al. 1980). 
The L-leucine supplementation was done in each diet by 
substituting L-glycine on protein-to-protein basis. This 
adjustment was made to make the diets isonitrogenous. 
Crystalline L-amino acid premix was precoated with carb-
oxymethyl cellulose and freeze-dried prior to use. The pH 
of each diet was adjusted to 7.0 by the addition of 6N 
NaOH (Wilson et al. 1977). The CMC-bound crystalline 
amino acid mixtures and other dry ingredients were then 
added to the casein-gelatin paste. This was done to extend 
the bioavailability of essential nutrients from the diet 
(Mambrini & Kaushik 1994), improve water stability and 
prevent the leaching of the amino acids from the diet. A 
blend of cod liver oil and corn oil (2 : 5) was used as the 
dietary lipid sources to provide n-3 and n-6 fatty acids. 
Vitamin and mineral premixes were prepared as per Halver 
(2002). Diets were made isoenergetic by adjusting the 
amount of dextrin. Proximate composition of the amino 
acid test diets is given in Table 2. 
The amino acid test diets were prepared as per Abidi & 
Khan (2007). Briefly, the dietary ingredients, except vita-
mins, minerals and cod liver oil, were blended in computed 
quantities, moistened with water and steam-cooked for 
20 min. After cooling at 45 °C, vitamins, minerals and the 
oil premixes were added and subsequently mixed into a 
dough, using Hobart electric mixer (Hobart, Troy, OH, 
USA). After thorough mixing, the final diet with bread 
dough consistency j;290 g kg"' moisture) was poured into a 
Table 2 Proximate and analyzed amino acid composition of the amino acid test diets 
Proximat* composition 
Protein 
Crude fat 
Dry matter 
Gross energy (MJ kg"') 
EAAs' 
Arginine 
Histidine 
(soleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 
NEAAs' 
Cysteine 
Tyrosine 
Alanine 
Aspartic acid 
lilutamic acid 
Proline 
Serine 
Glycine 
of the amino acid test diets (g kg ') 
(LC9.9) 
380.1 
68.9 
?6,3 
17.88 
380 9 kg- ' 
WCE protein^ 
24.33 
7.98 
30.4 
34.96 
27.33 
15.61 
23.94 
16.43 
5.7 
27.74 
8.9 
17.3 
21.85 
13.11 
26.89 
31.8 
6.5 
49.11 
(LC,2.4) 
380.3 
69.3 
?6r4 
17.85 
(LC9.9) 
24.32 
7.99 
14.4 
9.91 
27.34 
15.59 
23.96 
16.46 
5.71 
14.4 
8.1 
17.3 
21.87 
13.12 
26.99 
31.9 
6.7 
111.3 
(LcuJ 
24.35 
7.97 
14.3 
12.24 
27.35 
15.66 
23.95 
16.48 
5.73 
14.5 
8.9 
17.2 
21.84 
13.11 
26.89 
31.8 
6.6 
111.6 
(LC,5.,) 
380.5 
69.7 
76r? 
17.84 
(LC,5.,) 
24.33 
7.99 
14.5 
15.1 
27.33 
15.63 
23.92 
16.45 
5.71 
14.4 
8.5 
17.3 
21.86 
13.14 
26.85 
31.7 
6.9 
111.4 
(LC,7.. 
380.1 
69.9 
74^ 
J 
17.87 
(LC,7.4) 
24.31 
7.98 
14.4 
17.6 
27.36 
15.66 
23.94 
16.47 
5.72 
14.5 
9.1 
17.4 
21.83 
13.12 
26.78 
31.6 
6.8 
111.7 
(LC20.1) 
380.4 
72.1 
76^ 
17.89 
(LC20.1) 
24.32 
7.97 
14.2 
20.1 
27.35 
15.68 
23.95 
16.44 
5.71 
14.7 
8.9 
17.5 
21.84 
13.11 
26.85 
31.8 
6.7 
111.5 
{LC22.4) 
379.8 
71.5 
?6a 
17.85 
(LC22,4) 
24.34 
7.99 
14.3 
22.4 
27.33 
15.65 
23.96 
16.46 
5.73 
14.6 
8.8 
17.3 
21.85 
13.45 
26.87 
31.7 
6.6 
111.4 
' Essential amino acids. 
' Whole-chicken egg protein. 
^ Non-essential amino acids. 
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teflon-coated pan, cut in the form of small cubes and 
stored at -20 °C until fed. To confirm the calculated levels 
of dietary leucine, diets were analysed using an automated 
Amino Acid Analyzer (Hitachi L-8800, Tokyo, Japan). The 
analysed dietary L-leucine values were above 98% of the 
intended value (9.9, 12.4, 15.1, 17.4, 20.1 and 22.4 g kg"' 
dry diet, Table 2). Diets were designated as LC9.9, LC12.4, 
Lci51, Lci7 4, LC20.1 and LC22.4. Because DE values for fin-
gerling are not available, the dietary energy was calculated 
usmg conversion factors 18.8, 14.63 and 35.5 MJ kg"' for 
protein, carbohydrate and fat (Jauncey 1982). 
Water stability of experimental diets 
Quadruplicate groups of dietary samples (4 g) were taken in 
an empty petridish and placed at the bottom of experimental 
tanks without fish for 15, 30, 45 and 60 min. Temperature 
and flow rate were 27 ± 0.8 °C and 1-1.5 L min"' per tank, 
respectively. The feed samples were removed from the tanks 
after the allotted time, allowed to drain for 1 min, oven-
dried at 105 °C for 2 h, cooled in a dessicator and reweighed. 
Water stability of the experimental diets was calculated as 
the percentage difference in sample weight after reweighing. 
To determine the leaching loss of the amino acids from the 
test diets, the dried samples after immersion in water for 
20 min were subjected to amino acid analysis. The amino 
acid analysis of these dietary samples exhibited that the 
amino acid test diets were 97% water stable. 
fish per trough for each dietary treatment in quadruplicate 
groups in 70-L circular polyvinyl troughs (water volume 
55 L) fitted with a continuous water flow-through (1-1.5 L 
min~') system. Each amino acid test diet was randomly 
assigned to quadruplicate groups of fish in the form of semi-
moist cakes (310 g kg"' moisture). Fish were hand-fed the 
test diets to apparent satiation twice daily at 07:00 and 
17:30 h for 48 days. For accuracy in FCR calculation and to 
avoid feed wastage, fish were carefully observed during 
feeding and utmost care was taken to ensure that all feed 
supplied was consumed by the fish. Fish were individually 
weighed weekly on a top-loading balance (Precisa 120A; 
0.1 mg sensitivity; Oerlikon AG, Zurich, Switzerland) after 
being starved for 24 h. To avoid stress, initial and weekly 
weights were recorded under moderate anaesthesia (MS-222; 
100 mg L~'). The feeding trial lasted 8 weeks. Faecal matter 
was syphoned before and after every feeding. 
Water quality parameters 
Water quality parameters were recorded following standard 
methods (APHA 1992) and were within the optimum range 
for fish culture. The water temperature, dissolved oxygen, 
free carbon dioxide, pH and total alkalinity based on daily 
measurements range between 27,1 and 27.6 °C, 7.0-7.7 mg 
L" ' , 6.9-7.2 mg L" ' , 7.3-7.8 and 63.3-77.3 mg L"' , 
respectively. The experiment was conducted with a natural 
photoperiod of 12-h dark/12-h light cycle. 
Experimental design and feeding trial 
Induced bred H. fossilis fry were obtained from the depart-
mental fish hatchery (Fish Breeding and Rearing Facility, 
Department of Zoology, Aligarh Muslim University, Ali-
garh, India). To acclimatize the fish to the laboratory con-
ditions, they were transferred to the wet laboratory, given 
a prophylactic dip in KMn04 solution (1 : 3000) and 
stocked in indoor circular aqua-blue coloured plastic lined 
fish tanks (1.22 m x 0.91 m x 0.91 m; water volume 
600 L; Plastic Crafts Corp, Mumbai, India). These were 
raised to fingerling stage by feeding casein-gelatin-based 
(380 g kg"' CP) H-440 (Halver 2002) diet in the form of 
soft cake at 01:00 and 17:30 h each day for 2 weeks. 
Feeding regime and weekly measurements 
Heteropneusles fossilis fingerling (6.8 ± 0.2 g mean body 
weight; 11.2 ± 0.3 cm mean body length) were taken from 
the above-acclimated fish lot and stocked at the rate of 20 
Sample collection 
At the beginning and end of the 8 week feeding trial, fish 
were anaesthetized by subjecting to a moderate dose of 
100 mg L"' MS-222; Sigma, St. Louis, MO, USA and 
killed by freezing at -20 °C for subsequent whole-body 
proximate analysis. A pooled sample of 30 fishes was taken 
from the initial stock and analysed for initial body composi-
tion. At the end of the experiment, six fishes from each rep-
licate of dietary treatments were randomly sampled, pooled 
and three subsamples of each replicate from the pooled 
sample (« = 4 x 3) were analysed for final body composi-
tion. Before every sampling fish were starved for 24 h. 
Haematological measurements 
At the end of the feeding trial, fish were starved for 24 h 
immediately prior to blood sampling. Five fish from each 
tank (n = 4 X 5) were anesthetized with tricaine methane-
sulfonate (MS-222; 100 mg L"'), the blood was collected 
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from caudal vasculature in tubes containing EDTA as anti-
coagulant and then subjected for haematological measure-
ments (haemoglobin; Hb g dL~', haematocrit; Hct% and 
red blood cells RBCs x lO' mL~'). Red blood cells were 
H counted under a light microscope (E-600; Nikon, Japan) 
using a Neubauer hemocytoraeter with Yokoyama (1947) 
solution as the diluting medium. Blood haemoglobin (Hb g 
dL""') was estimated colorimetrically following Wong's 
(1928) method. Haematocrit value (Hct%) was measured 
by spinning the microwintrobe tube containing well mixed 
blood for about 5 min at 12000 g. For the determination 
of erythrocyte sedimentation rate (ESR), 0.2 mL of well 
mixed blood was drawn into a Westurgen tube. The tubes 
were placed vertically and left undisturbed for 60 min after 
which time the level of the column of sediment was noted 
as ESR. Erythrocyte osmotic fragility (EOF) of the finger-
ling H. fossilis fed various concentrations of dietary leucine 
was assessed as per Ezell et al. (1969) using gradient saline 
solutions. 6 nL of blood was added to 2 mL of salt solu-
tion (NaCI) with different concentrations (0, 0.25, 0.45, 
0.55, 0.65 and 0.85%). After incubation at room tempera-
ture for 30 min, the tubes were centrifuged at 3000 g for 
10 min. The percentage haemolysis was calculated by read-
ing of the optical density of the supernatant against salt 
concentrations at 540 nm using spectrophotometer (Ther-
moSpectronic, Gehesys-lOS, Rochester, NY, USA). 
Proximate analyses of amino acid test diets and 
whole-body composition 
Proximate composition of casein, gelatin, experimental 
diets and initial and final whole-body composition was esti-
mated using standard methods (AOAC 1995). Dry matter 
of the samples was determined by oven-drying at 
105 ± 1 °C for 22 h in a thermostat (Yorko Instruments, 
New Delhi, India), CP by digesting the dried samples in 
sulphuric acid (12 mL) at high temperature (420 °C) in the 
presence of potassium sulphate and copper sulphate as cat-
alysts (Kjeltec Tecator^ "^ Technology 2300, Hoegeneas, 
Sweden), crude lipid by solvent extraction with petroleum 
ether (B.P. 40-60 °C) for 2-A h (Socs Plus equipment, SCS 
4, T. Nagar, Chennai, India) and ash content by incinerat-
ing 2 g of dried samples in a Muffle Furnace (S.M. Scien-
tific Instrument (p) ltd. Jindal Company, Delhi, India) at 
Q 650 °C for 2-3 h. Gross energy values of the amino acid 
test diets were calculated on the basis of fuel values 23, 
20.19, 24.24, 16 and 37.6 MJ kg"' for casein, gelatin, 
amino acids, dextrin and fat, respectively, determined using 
a Gallenkamp ballistic bomb calorimeter (Gallenkamp, 
L^ughbFougfv, UK). The analysed values of the GE content 
of each amino acid test diets are given in Table 2. Amino 
acid analysis of casein, gelatin, reference protein, experi-
mental diets and initial and final fish body was performed 
according to Khan & Abidi (2011a,b). Briefly, 0.3 mg sam-
ple was hydrolyzed in 1 mL of 6N HCl for about 22 h. 
The samples thus obtained were diluted in 0.02N HCl. The 
hydrolyzed samples were filtered using microfilter (Cellulose 
acetate membrane, 0.45 nm; Corning, Japan) and then Q 
injected in an automatic Amino Acid Analyzer (Hitachi 
L-8800). Recovery hydrolysis was performed in 4N 
methanesulfonic acid instead of 6N HCl for the analysis of 
tryptophan which followed the decomposition at 110 °C 
temperature for 22 h. After this, 4N NaOH was added to 
adjust the pH to approximately 2. This was then diluted 
again in 0.02N HCl. However, the recovery hydrolysis of 
sulphur amino acids methionine and cystine was performed 
in 2 mL of performic acid for 4-24 h. After this, 0.3 mL of 
48% HBr was added and the decomposition was performed 
at 110 °C for 22 h. The samples were then dried solid 
under reduced pressure. After this, 1 mL of 0.2N NaOH 
was added and sample was then left standstill for about an 
hour. Lastly, the pH and volume of the sample was 
adjusted using 0.05N and O.IN HCl. The results of the 
amino acid analyses are presented in Table 2. 
Evaluation of growth parameters 
Absolute weight gain (AWG; g fish"') = final mean body 
weight of individual fish (g)-initial mean body weight of 
individual fish (g). 
Feed conversion ratio (FCR dry basis) = dry feed fed 
(g)/wet weight gain (g) 
Protein utilization efficiency (PUE%) was calculated by 
the formula: 
PUE% = protein gain (g)/protein fed (g) x 100 
Leucine retention efficiency (LRE%) = [(final mean body 
weight (g) X final mean whole-body leucine (% dry basis))-
(initial mean body weight (g) x initial mean whole-body leu-
cine (% dry basis))]/total leucine intake (g)/x 100 
Survival Rate (SR%) = final number of fish collected/ini-
tial number of fish stocked x 100 
Statistical analyses 
A completely randomized design with four replicates per 
treatment (n = 4) was used for assessing the effects of die-
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tary L-leucine on growth and haematological parameters of 
fingerling H.fossilis. Data were subjected to broken-line 
{Y = a+bX; Robbins et al. 1979) and second-degree polyno-
mial regression analyses (Y = aX^+hX+c; Shearer 2000). 
Quadratic regression analysis at 95% confidence interval 
corresponding to the maximum and minimum responses 
was computed for the response variables (Baker 1986). All 
growth data were subjected to one-way analysis of variance 
(ANOVA; Snedecor & Cochran 1968; Sokal & Rohlf 1981). 
Differences among the treatment means were determined 
by Tukey's significant difference test (Tukey 1953) at a sig-
nificance level {P < 0.05). The software Origin (version 6.1; 
Origin Software, San Clemente, CA, USA) was employed 
for all the statistical analyses. 
Result 
Growth performance 
Effects of feeding different concentrations of L-leucine on 
AWG g fish"', FCR, PUE% and LRE% are listed in 
Table 3. AWG g fish"', FCR, PUE% and LRE% of the fin-
gerling Singhi were found to increase with increasing concen-
trations of L-leucine up to Lci7.4. Further inclusion of 
dietary L-leucine at Lcjo.i diet did not showed significant 
change (P > 0.05) in the above parameters. However, fish 
fed diet containing still higher level of L-leucine (LC22.4), 
exhibited significant (P < 0.05) reduction in above parame-
ters. To generate more precise information on AWG g 
fish"'; FCR; PUE% and LRE% in response to varying lev-
els of dietary L-leucine, data were subjected to second-degree 
polynomial regression analysis. The fitted equations (at 95% 
maximum and minimum quadratic response of the data) 
>'AWG; g fish"'=-0.43278^^+16.77599^-114.741; R^ = 
0.971 and y^cR = 0.02784A'^-1.06042A'+12.04; ^^ = 0.998 
star depicts AWG; 
Sph»r« depicts FCR 
I' I J I I I I I I I I I I I I 
10 12 14 16 18 20 22 24 
L-leucine concentrations (g kg"'' dry diet) 
5.0 s^-
Figure 1 Quadratic regression analyses of absolute weight gain g 
fish"' and feed conversion ratio as affected by graded concentra-
tions of dietary L-leucine. Arrow indicates the requirement at 95% 
of upper and lower asymptote. Each point represents the means of 
four replicates per treatment (n = 4) with 20 fishes per replicate. 
predicted highest AWG; g fish"' and best FCR to be at 16.5 
and 16.9 g leucine kg"' dry diet, respectively (Fig. 1). Simi-
larly, Fig. 2 shows the PUE% and LRE% of fingerhng Singhi 
to graded concentrations of dietary L-leucine. The fitted equa-
tions (at 95% of the maximum response) KPUE 
./, = -0.16626A'^+6.44849X-41.79093; R^ = 0.923 and KLRE 
./. = -0.53936^^+20.67958^-131.91819; R^ = 0.972 exhib-
ited best PUE% and LRE% to be at 16.2 and 16.5 g leucine 
kg"' of the diet, respectively. Survival was found to be 100%. 
Whole-body composition 
Varying levels of dietary leucine significantly influenced 
(P < 0.05) the body composition of fingerling H.fossilis 
(Table 4). A corresponding increase in body protein con-
Table 3 Growth, feed conversion, protein utilization and leucine retention efficiencies of Heleropneusles fossilis fingerling 
Treatments 
(gkg-
LC9.9 
LC12.4 
t-C,5.1 
LC,7.4 
Lcjo.i 
1-C22.4 
' dry diet) Ave in wt (g) 
6.8 ± 0.2* 
6.9 ± 0.3* 
6.8 ± 0.2' 
6.7 ± 0.4' 
6.8 ± 0.1" 
6.9 ± 0.3" 
Ave fn wt (g) 
17.9 ± 1.1' 
30.3 ± 2.3'^  
44.9 ± 1.4' 
56.2 ± 3.2" 
55.5 ± 2.4" 
49.3 ± 1.5'' 
AWG (g fish-') 
11.1 ± 1.2' 
23.4 ± 1.3'' 
38.1 ± 2.4' 
49.5 ± 3.3" 
48.7 ± 2.7' 
42.4 ± 1.9" 
FCR 
4.25 ± 0.01' 
3.19 ±0.03"^ 
2.43 ± 0.02' 
1.95 ± 0.04" 
1.98 ± 0.03" 
2.27 ± 0.02" 
PUE% 
7 ± 1 ' 
11 ±3 ' ' 
16 ± 2' 
22 ± 1" 
22 ± 3 " 
18 ± 2 " 
LRE% 
22 ± 3 ' 
39 ± 2 " 
54 ± 3 ' 
69 ± 1" 
67 ± 2 " 
5 9 * 3 " 
Fl (g fish-') 
47.2 ± 0.3"* 
74.6 ± 0.1' 
92.6 ± 0.2'' 
95.5 ± 0.3" 
96.4 ± 0.4" 
96.2 ± 0.2" 
AWG, absolute weight gain; FCR, feed conversion ratio; PUE%, protein utilization efficiency; LRE%, leucine retention efficiency; Fl, feed 
intake (dry basis). 
Mean value of four replicates ± SEM (n = 4 x 20). Mean values with the same superscripts in a column are insignificantly different 
{P > 0.05). 
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star depicts LRE; 
Sphcr* dep icU PUE 
: 16.5 9 kg-' 
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L-leucine concentrations (g kg~^  dry diet) 
Figure 2 Quadratic regression analyses of protein utilization effi-
ciency and leucine retention efficiency as affected by graded con-
centrations of dietary L-leucine. Arrow indicates the requirement at 
95% of tlie upper asymptote. Each point represents the means of 
four replicates per treatment (n = 4) with 20 fishes per replicate. 
tent with the increase in leucine concentrations was noted 
which peaked at 17.4 g kg~' leucine of the dry diet 
(Lci7.4). Body moisture content showed a positive correla-
tion {Y= 733.975+1.412Z; R^ = 0.994) with the increase in 
dietary leucine while fat content was negatively correlated 
with it (K= 62.524-1.1125A'; R^ = -0.953). Body ash con-
tent tended to be significantly higher in groups fed dietary 
L-leucine from 9.9 (LC9.9) to 15.] (Lcjs.i) g kg"' of the diet. 
However, a significantly lower values (P < 0.05) of body 
ash were recorded for groups fed dietary leucine beyond 
these levels in diets Lcn.4, LC20.1 and Lc22.4-
Leucine retention efficiency 
The retention of leucine in the whole body was significantly 
affected by the dietary treatments (P < 0.05). Significantly 
lower (P < 0.05) leucine retention was found in fish fed 
LC99, Lci2.4 and Lcis 1 diets compared to those fed dietary 
leucine at 17.4 g kg"' in diet LC17.4. Fish fed dietary leucine 
at 17.4 and 20.1 g kg"' had almost similar LRE%. How-
ever, the leucine retention decreased (P < 0.05) with further 
increase in dietary leucine concentration beyond 20.1 g leu-
cine kg"' in diet Lc;7.4. 
Haematological parameters 
The haematological parameters of fish fed diets containing 
varying concentrations of leucine are presented in Table 4. 
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Dietary leucine concentrations significantly impacted 
(P < 0.05) haematocrit (Hct%), haemoglobin concentration 
(Hb g dL"'),. RBCs count (RBCs x lo ' mL"') and ESR 
(mm h~'). Hct and Hb concentration increased significantly 
with the increase in dietary leucine concentrations up to 
17.4 g kg"' (LC|74) followed by an insignificant decline 
(P > 0.05) in fish fed diets LC20.1 and Lc22.4- Significantly 
lower (/" < 0.05) ESR value (1.94 mm h~') was recorded 
for the groups fed 17.4 g leucine kg^' of the dry diet com-
pared to those fed diets with other leucine concentrations. 
Erythrocyte osmotic fragility (EOF) 
Erythrocyte osmotic fragility as percentage haemolysis was 
found to decrease with the increase in dietary leucine up to 
17.4 g kg~' beyond which significant increase {P < 0.05) in 
the erythrocyte fragility was evident (Table 4). 
Leucine requirement 
To determine the dietary L-leucine requirement, the 
response criteria were subjected to both broken-line and 
second-degree polynomial regression analyses. Because bro-
ken-line regression analysis exhibited significant deviation 
from the fitted data {P < 0.05), second-degree polynomial 
regression analysis which was a more adequate fit to the 
data {P > 0.05) exhibiting highest coefficient of determina-
tion (R^ values), this approach was utilized. Taking into 
account, the effects of various concentration of dietary leu-
cine on AWG g fish-', FCR, PUE% and LRE%, the leu-
cine requirement of fingerling Singhi at 95% maximum and 
minimum quadratic response was found to be at 16.5, 16.9, 
16.2 and 16.5 g leucine kg"' of the dry diet, corresponding 
to 43.4, 44.5, 42.6 and 43.4 g leucine kg"' protein. 
Discussion 
The present study was designed to generate data on dietary 
leucine requirement of fingerling H. fossils. The study 
clearly indicated that dietary leucine significantly improved 
the growth of fingerling H. fossilis which was found to be 
maximum in fish fed diet with 17.4 g leucine kg"' diet. The 
growth performance of the fish fed diet containing lower 
(LC99, LC|2.4 and Lcis,]) and higher levels of leucine (LC20.1 
and Lc22,4) was found to be inferior than those fed dietary 
leucine at above level (Lcn,^). Nutrient retention has been 
considered a criterion to estimate the amino acid require-
ment for several cultured fish species (Cho ei al. 1992; 
Buentello et al. 2000; Yang el al. 2010). It has been proved 
that the balanced diets increase protein synthesis as well as 
decrease nitrogen excretion (Aragao et al. 2004). Leucine 
modulates the rate of protein synthesis, particularly by 
stimulating the activity of protein involved in the transla-
tion process, which is critical for cells to control protein 
synthesis (Anthony et al. 20Q1; Lynch et al. 2002; Crozier 
et al. 2005; Garlick 2005; Kimball & Jefferson 2006). In 
many previous studies, it is reported that ingestion of leu-
cine increases the protein synthesis rate (Dardevet et al. 
2000; Garlick 2005; Rieu et al. 2006). In this study, maxi-
mum PUE% in fish fed 17.4 g kg"' leucine probably fulfils 
the requirement indicating more efficient utilization of indi-
vidual amino acids in fish fed diets containing 17.4 g leu-
cine kg"' diet. Further increase in leucine intake in diet 
LC20.1 did not result in any significant decline in PUE%. 
However, reduction in PUE% at highest level of dietary 
leucine (LC22.4) may be due to the imbalance amino acids 
composition in diets and diversion of amino acids into cat-
abolic rather than anabolic processes (Cowey & Sargent 
1979). Nose (1979) also noted that fish growth was subopti-
mal when leucine was presented in excess in the basal diet. 
The efficiency of amino acid retention is an important fea-
ture in defining amino acid requirements. Dietary amino acid 
imbalances have been shown to increase amino acid oxida-
tion and lower retention efficiency (Aragao et al. 2004). In 
this study, significantly lower {P < 0.05) leucine retention 
was found in fish fed 9.9 (LC9.9), 12.4 (LC)2.4) and 15.1 
(Lcis.i) g leucine kg"' diet compared to those fed required 
level of dietary leucine (LC17.4). Further increase in dietary 
leucine (LC20.1) did not increase LRE%. However, the LRE 
% was found to be depressed with further increase in dietary 
leucine concentration (LC22.4) indicating that excess leucine 
was probably catabolized for energy purposes. 
In intensive aquafarming, carcass composition analysis is 
an important quality determinant in response to dietary 
restriction of an essential nutrient under question. Carcass 
quality is the indicator of the suitability of the fish meat 
for further processing and storage including retail display. 
The main attributes of interest are carcass protein and fat 
content. It has been widely acknowledged that feeding diets 
with amino acid deficiencies results in altered protein depo-
sition and excess energy deposition as fat in the liver, fillet 
or peritoneal cavity. Hughes et al. (1983) observed that 
lake trout fed leucine deficient diets showed lower body 
protein. Similar trend in body protein was also recorded in 
the present study. In this study, fingerling fed 9.9 (LC99), 
12.4 (LC12.4) and 15.1 (LC|5.|) g leucine kg"' of the diet 
exhibited significantly lower values for body protein con-
tent. On the other hand, body fat was inversely correlated 
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with body protein in fish fed above diet. However, body 
composition of fish fed 17.4 g kg"' (LC17.4) leucine of the 
diet was better compared to other diets. Further inclusion 
of dietary leucine beyond LC17.4 exhibited no significant 
deficiency in body protein. However, fish fed still higher 
level of leucine (LC22.4) exhibited significant decline in body 
protein content. 
Haematologicai status of farmed fish is an important 
tool in evaluating health status in response to dietary 
restriction of an essential nutrient. Haematologicai parame-
ters such as Kb g dL" ' , Hct%, RBCs x lO' mL"', ESR 
mm h~' and EOF% showed a general positive relation 
with increase in dietary leucine intake up to 17.4 g kg"' of 
the dry diet (LC174) beyond which no significant improve-
ments were apparent. Erythrocytes break down was 
reported to be faster in case of improper membrane func-
tion (Robbins et al. 1984). In this study, varying levels of 
dietary leucine significantly affected the strength of erythro-
cyte membranes. Haemolysis of the RBCs of the fish fed 
diet containing 17.4 g leucine kg"' was found to be least 
indicating that erythrocytes were more resistant to haemol-
ysis in hypotonic salt solutions. Increasing concentration of 
dietary leucine probably led to the increase in the cell wall 
strength which may be the reason for lower susceptibility 
of erythrocytes in fish fed leucine at 17.4 g kg"' (LC17.4). 
The erythrocytes were more susceptible to osmotic lysis in 
fish fed diets with either the lower concentrations of leucine 
(LC9.9, Lci2.4, Lci51) or beyond generous inclusion of die-
tary leucine at 20.1 (LC20.1) and 22.4 g kg"' (LC22.4). 
To generate more precise information on response of fish 
to varying levels of dietary leucine and recommending the 
optimum level of leucine for inclusion in practical feeds, 
the growth and other parameters were subjected to broken-
line and quadratic regression analysis. The broken-line 
model appears to be more appropriate when the growth 
response increases linearly up to the minimum required 
nutrient level and then reaches a plateau above this level 
(Robbins ei al. 1979). Because the growth response of an 
animal to a limiting nutrient does not break at a particular 
point, it rather approaches an asymptote once the require-
ment for maximum gain is reached (Cowey 1994), a non-
linear approach most accurately represents growth in 
response to dietary restrictions of an essential nutrient 
(Finke et al. 1987). Use of maximum response (100%) as 
the threshold level for a quadratic function is inappropri-
ate, and hence, 95% maximum response is a practical set 
point for estimating the requirement with non-linear func-
tions (Gahl el al. 1991; Rodehutscord et al. 1995; Rodeh-
utscord et al. 1997; Encarnafao et al. 2004) which has also 
been adopted in this study. However when both the models 
fit the data well, requirement is almost similar and a range 
of requirement is recommended. Because in present study, 
broken-line regression analysis exhibited significant devia-
tion {P < 0.05) from the fitted model whereas the quadratic 
regression analysis more adequately fit to the data 
(P > 0.05) and resulted a high coefficient of determination 
(R\ L-leucine requirement in this study was worked by 
second-degree quadratic regression analysis which at 95% 
maximum and minimum response of AWG; g fish"', FCR, 
PUE% and LRE%, exhibited the dietary leucine require-
ment between 16.2 and 16.9 g kg"' of the dry diet, corre-
sponding to 42.6-44.4 g kg"' of the protein. 
Leucine requirement determined in this study is higher CD 
than the requirement reported for coho salmon, Oncorhyn-
chus kisutch 34 (Arai & Ogata 1993), channel catfish, Id-
alurus punctatus 35 (Wilson et al. 1980), catla, Catla catla 
37 (Ravi & Devaraj 1991), chinook salmon, Q. tshawytscha ffl 
39 (Chance et al. 1964), European sea bass, Morone labrax 
43 (Ng & Hung 1995), Indian major carp, Cirrhinus cirrho-
sus 43.3 (Benakappa & Varghese 2003), European sea bass, 
^kentrachus labrax 43 (Kaushik 1998) and lower than the 
requirement of the fish including Atlantic salmon, Salmo 
salar 52 (Rolhn 1999) and juvenile large yellow croaker, 
Pseudosciaena crocea 67 g kg"' of the protein (Li et al. 
2010). 
Branched-chain amino acids share common pathways 
(Denoya et al. 1995). Excesses of leucine are extremely dis-
ruptive to utilization of isoleucine and valine especially 
when these two amino acids are marginal or limiting 
(Smith & Austic 1978). A dietary excess of leucine stimu-
lates the oxidation of valine and isoleucine and contributes 
to reduction of their pools (Harper 1956; D'Mello 1994) 
due to an excessive activation of enzymes of the catabolic 
pathway of branched-chain amino acids (Ichihara & Koy-
ama 1966). Despite the existence of sufficient data concern-
ing the antagonistic effects of branched-chain amino acids 
(Harper 1956; Harper el al. 1970; D'Mello & Lewis 1971; 
Allen & Baker 1972; Hughes et al. 1983; Yamamoto et al. 
2004; Abidi & Khan 2007), there is Uttle reason to consider 
these in fish fed purified diets. The adverse effects of excess 
leucine have been noted primarily in diets that are marginal 
or deficient in isoleucine and vahne (Benton et al. 1956; 
Harper et al. 1970; Barbour & Latshaw 1992). In studies 
with diets based on purified ingredients (such as casein and 
gelatin) meeting minimum requirements for isoleucine and 
valine as in our case, no adverse effects of high levels of 
leucine were apparent. Because casein is balanced in isoleu-
cine and valine, this imbalance is more unlikely to occur in 
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casein-gelatin-based purified diets as used in the present 
study. Also, the amino acid profile of the diets was mim-
icked to that of 380 g kg"' whole chicken egg protein 
which almost matches to the body amino acid profile of 
the fish, we find no reasons of the antagonism of branched-
chain amino acids in this study. Hence, the slight growth 
retardation obtained in fish fed diet L22.4 was not induced 
by antagonistic effects of the branched-chain amino acids 
but was probably due to the reason that excess dietary leu-
cine at LC22.4 might have led to oxidation and accumula-
tion to ketones and other toxic metabolites, therefore, 
adversely affecting growth. This is also based on the 
assumption tKat stress due to excess dietary leucine in fish 
body, increases the fish's overall energy demand leading to 
diversion of energy towards catabolism which is then 
unavailable for growth. Growth depression in fish fed low 
concentrations of dietary leucine is almost similar to that 
reported by Benakappa & Varghese (2003) and Li e( al. 
(2010). Survival of the fish fed various concentration of die-
tary leucine was found to be 100%. 
On the basis of second-degree polynomial regression 
analysis of AWG g fish"', FCR, PUE% and LRE% data, 
it is recommended that inclusion of dietary leucine at 
16.5 g kg"' of the dry diet (43.4 g leucine kg"' of the pro-
tein) is optimum to maximize weight gain, protein utiliza-
tion and amino acid retention efficiencies in fingerling 
H.fossilis. Data generated during this study will be useful 
in developing leucine-balanced diet for increasing produc-
tion of fingerling H. fossilis through intensive aquaculture. 
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